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A . S .  Series 74-25 
The Effect of Lysine Supp lementation of Diets 
for Growing-Finishing Pigs 
Richard C .  Wahls trom and George W .  Libal 
Mos t recommendations state that weaned pigs should receive a diet containing 
16% protein from a weight of about 40 to 75 pounds . Feeding a diet containing 
less protein may result in somewhat poorer performance becaus e of a lack of suffi­
cient lysine . During the finishing period , from 1 10 lb . to market weight , diets 
should contain at least 12% protein to support maximum rate of gain , feed efficiency 
and lean muscle development. 
The obj ectives of this experiment were to ob tain additional information on 
the effec ts of supplementary lys ine in swine growing diets of 12 or 14% prot ein 
and finishing diets of 10 or 1 2% protein on daily gains , feed efficiency and carcass 
development . 
Experimental Procedure 
S eventy-two crossbred pigs , averaging about 39 lb . initially , were allotted 
to three replications of six treatments on the basis of ances try , sex and weight . 
Each lot contained four pigs consisting of equal numbers of barrows and gilts in 
replicates 1 and 3 and three barrows and one gilt in replicate 2 .  The pigs we re 
housed in uninsulated , wood frame houses with concrete floors and connecting concrete 
lo ts where self-feeders and waterers were located . 
The experimental treatments were as fo llows: 
1 .  16% protein diet to 1 10 lb . ;  14% protein diet , 1 10 to 207 lb . 
2.  14%  protein diet to 1 10 lb . ;  12% protein diet , 1 10 to 207 lb . 
3 .  Diet 2 plus 0 . 15% L-lysine 
4 .  12% protein diet to 1 10 lb . ;  10% protein die t ,  1 1 0  to 207 lb . 
5 .  Diet 4 plus 0 . 15% L-lysine 
6 .  Diet 4 plus 0 . 30% L-lysine 
The composition of the com-soybean meal diets is shown in table 1 .  The pigs 
were removed from their respective treatments at individual weights of about 207 lb . 
and slaughtered at the University Meat Laboratory . Carcass data ob tained were 
backfat thickness , carcass length , loin eye area , percent ham and loin and dressing 
percent . 
Results 
Daily gains , feed/gain and carcass data are sutmnarized and presented in 
tables 2 ,  3 and 4 ,  respectively . There were significant differences in average 
daily gain during all periods . Pigs fed the 16-14% protein sequence gained more 
rapidly than pigs fed the other diets during both the growing and finishing periods . 
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Supplementing the 1 4- 12% protein diets with 0 . 15% lysine gave diets of equal lysine 
content to the higher protein diet , but gains were less than for pigs fed the 
1 6- 14% protein die tary sequence , particularly during the finishing pe riod . There 
was no beneficial effect from add ing lysine to the 14-1 2% diets . Pigs fed the 
12%  protein die t up to 1 10 lb . and the 10% diet after 1 10 lb . grew at a very subop­
timal rate . Lys ine supplementation did improve gains of pigs fed these diets , 
but 0 . 30% lysine supp lementation was not supe rior to 0 . 15%  added lys ine . I t  is 
assumed that these diets were als o  lacking in tryp tophan which was limit ing growth 
below that of pigs fed an equal lysine level in the 14-12% protein die ts . 
Feed efficiency was als o  reduced when pigs were fed the low protein ( 1 2-10% )  
diets but was similar for pigs fed diets o f  16-14 , 1 4 - 1 2  o r  14-12%  protein p lus 
lysine . Pigs fed the 1 2- 10% protein diets plus 0 . 15 or 0 . 30% lysine required less 
feed/gain than pigs fed these low protein diets without lysine supplementation . 
However ,  feed/ gain was still greater than that of pigs fed the medium and hi gh 
protein diets . 
The carcass data indicate t he effect of protein on muscl e development . Pigs 
fed the low protein diet had smaller loin eye areas and less percent ham and loin . 
Adding lysirie to this diet resulted in an increased loin eye area and percent ham 
and loin . There we re no large differences in carcass measurements of pigs fed 
the 1 6- 1 4 , 14- 1 2  or 14-12% protein plus 0 . 15% lysine diets . 
Sunnnary 
This experiment was designed to study dietary protein and lys ine needs of 
growing and finishing swine . P igs fed diets of 1 6% protein during the growing 
phase gained slightly fas ter  than pigs fed 14% protein die ts with or without lysine . 
However ,  feed/gain was similar among these treatments . Pigs fed a 12%  diet during 
this period ( 39 to 1 10 lb . )  gained significantly less than those fed the 1 6  or 
14% protein die ts . Supp lementation of 0 . 15 and 0 . 30% lysine to the 12% diet resulted 
in gains and feed efficiencies intermediate be tween pigs fed the 12% and either 14 
or 1 6% protein diets . Res ul ts during the finishing phase where diets of 1 4 ,  1 2  
or 1 0 %  protein we re fed were similar t o  those o f  the growing phase . The 10% diet 
was improved by s upp lemental lysine , but again pe rformance was intermediate to that 
of pigs fed 1 2  or 14% protein diets . It is ass uned that the low protein diets were 
also deficient in t ryp tophan which may have limited growth . The data indicate 
that a 14- 12% dietary protein sequence during growing and finishing is only slightly 
less adequate than a 1 6- 14% protein sequence , but that a 1 2- 10% protein diet is too 
low even if supp lementary lysine is added to the diet . 
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Tab le 1 .  Compos it ion of Diets (Percent) 
Percent Erotein 
Ingredient 1 6  1 4  1 2  10  
Ground ye llow corn 7 7 . 0  82 . 7  88 . 4  9 3 . 9  
Soybe an meal (44%) 20 . 2  14 . 6  9 . 0  3 . 5  
Dicalciwn phosphate 1 . 6 1 . 5  1 . 4 1 . 4  
Ground l imes tone 0 . 5  0 . 5  0 . 5  0 . 5  
Trace mineral s alt (0 . 8% z inc) 0 . 5  0 . 5  0 . 5  0 . 5  
Vitamin-ant ib iot ic a 0 . 2  0 . 2  0 . 2  0 . 2  
a 
Provided per lb . of die t :  vit amin A ,  1500 IU ; vit amin D ,  200 IU ; riboflavin ,  
1 . 25 mg ; pantothenic acid, 5 mg ;  niacin ,  10 mg ;  choline , 50 mg; vit amin B 1 2
, 
7 . 5  mcg and aureomycin , 1 0  milligr ams . 
Tab le 2 .  Eff ec t  of Protein Level and Lys ine Supplementat ion 
on Daily Gain , Lb . a 
Treatments 
b 
39 -1 10 lb . 
c 
1 .  1 6- 14% protein 1 . 5 3  
2 .  1 4- 1 2 %  protein 1 . 43 
3 .  D iet 2 + 0 . 15% lys ine 1 . 4 8  
4 .  1 2- 10% protein 1 . 0 1  
5 .  D iet 4 + 0 . 15% lys ine 1 . 24 
6 .  Diet 4 + 0 . 30% lys ine 1 .  2 1  
a 
b Three replicates of 4 pigs e ach pe r treatment . 
Die tary protein changed at 1 10 pounds . 
� S ignificant difference (P< .025) . 
S ignific ant difference (P< .005 ) . 
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l l0-207 lb . 
d 
1 . 9 8  
1 . 85 
1 .  78 
1 . 09 
1 . 6 1  
1 . 44 
39-207 lb .
d 
1 .  77 
1 . 64 
1 . 63 
1 . 06 
1 . 4 1 
1 . 33 
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Tab le 3 .  Effect of Protein Level and Lysine Supplementation 
on Feed Per Gain 
Treatments 39- 1 10 lb . 
a 1 10-207 lb . 
b 
1 .  1 6- 14% pro tein 2 . 86 
2 .  1 4-12% protein 2 . 84 
3 .  Diet 2 + 0 . 1 5% lysine 2 . 85 
4 .  1 2- 10% protein 3 . 46 
5 .  Diet 4 + 0 . 1 5% lysine 3 . 0 1  
6 .  Diet 4 + 0 . 30% lysine 3 . 1 1  
: Signi ficant difference {P< .02 5) . 
Signi ficant difference (P< .005)  • 
3 . 35 
3 . 40 
3 . 49 
5 . 24 
3. 9 1  
3 . 60 
39-207 lb .
b 
3 . 1 3  
3 . 1 5  
3 . 19 
4 . 0 7  
3 . 53 
3 . 27  
Table 4 .  Effect of Protein Level and Lysine Suppl ementation 
on Carcass Characteris tics 
Loin eye 
Dressing Backfat Length area Ham-loin 
Treatments percent in . in . s q .  in . percent a 
1 .  1 6-14% protein 70 . 0  1 . 34 30 .o 4 . 36 40 . 9  
2 .  1 4- 12%  protein 7 1 . 5  1 . 39 29 . 9  4 .  35  39 . 5  
3 .  Diet 2 + 0 . 1 5% lysine 7 1 . 2  1 . 30 29 . 0  4 . 4 1  39 . 9  
4 .  12-10% protein 69 . 9  1 . 40 29 . 3  3 . 76 38 . 0  
5 .  Diet 4 + 0 . 1 5% lysine 70 . 3 1 . 40 30 . 1  4 . 0 5  38 . 9  
6 .  Diet 4 + 0 . 30% lysine 70 . 3  1 . 34 30 . 0  4 . 22  39  . 3  
a 
Significant diff erence {P< . 0 5 ) . 
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South Dakota Stat e  Universi ty 
Brookings , South Dakota 
Department of Animal S cience 
Agricultural Experiment S tat ion 
A. S .  Series 74-26 
The Effects of Feed Additives in Swine Diets 
Richard C .  Wahlstrom , George W .  Libal and Alan Vogel 
In a previous experiment reported at the 1 9 7 3  S wine Day (A. S .  Series 73-44) 
we found that several different feed additives we re e ffective in increasing gains 
and improving feed/gain ratio when fed for 35 days during early growth . Withdrawal 
of these compounds during the subsequent finishing period of 84 days resulted in 
performance similar to that of pigs fed the control (unsupplemented) die t through­
out the trial . Antibiotic supp lementation during the finishing period resulted in 
s ligh tly increase d  gains and significantly improved feed conversion . 
This experiment was conducted exactly as the previous one to ob tain further 
data on the effectiveness of feed additives fed for a 5-week pe riod , the effect 
of wi thdrawal of feed additives after 5 weeks on future pe rformance and the e ffect 
of the antibiotic tylosin when fed during the finishing period . 
Experimental Procedure 
Nine ty pigs were allotted to three rep lications of five treatments for the 
initial 5-week s tudy . Each of the 15 lots consis ted of three barrows and three 
gilts . Initial weights varied among replicates and we re approximately 40 , 31  
and 25 lb . for rep licates 1 ,  2 and 3 ,  respe ctively . The pigs were housed in a total 
confinement building in pens 5 feet by 16  fee t in which self-feeders and automatic 
waterers we re located . 
The composi tion of the basal diets is shown in table 1 .  The feed additives 
included in the basal diet for the five treatments we re as follows: 
1 .  
2 .  
3 .  
4 .  
5 .  
No additive (control) 
50 g Mecadox per ton 
100 g furazolidone (Furox) per ton 
1 00 g furazolidone , 100 g oxytetracycl ine and 90 g arsanilic acid 
(FOA) per ton 
1 00 g chlortetracycline , 1 00 g sulfamethazine and 50 g penicillin 
(ASP-250 )  per ton 
After 5 weeks on the above diets , the pi gs were reallotted from the three 
replicate lots of six pigs within treatments to two replicate lots of six to eight 
pigs each . Because of a loss of some pigs and poor performance of others , several 
pigs were removed from the original 1 8  per treatment group and it was not possib le 
to equalize numbers during the finishing phase . One lot of pigs from each of the 
five previous t reatments was fed the basal die t and the other lot received the 
basal diet supplemented with 20 g of tylosin per ton of  die t .  This part o f  the 
experiment was conducted for 70 days . The pigs averaged 79 lb . at the beginning 
of this phase and 1 85 lb . at termination . 
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Results 
The growth performance during the initial 5-week period is stnnmarized in table 2 .  
The data are presented for each replicate to show differences observed due to dif­
ferences in ini tial weights . There we re signi ficant (P< .025)  differences in average 
daily gain , with pigs fed Furox , FOA or ASP-250 gaining from 14 to 20% faster than 
pigs fed Mecadox or the unsupplemented control die t .  Significant (P< . 0 1 )  differences 
were also  observed in rate of gain be tween rep licates , as the heavier pigs grew at 
the fastes t  rate . Rates of gain for the 5-week period were 1 . 4 1 , 1 . 32 and 1 . 00 lb . 
pe r day for pigs having ini tial weights of 40 , 31 and 25 lb . ,  respe ctively . The 
gains obt ained in this trial were similar to those of the previous trial except that 
in 1 9 73 pigs fed Mecadox also gained at a faster rate than the control pigs . 
Feed required per tmit of gain was signi ficantly (P <.05)  different among treat­
ments . Pigs receiving Furox , FOA and ASP -250 required 2 . 15 ,  2 . 13 and 2 . 1 1 lb . of  
feed per lb . of gain , respectively , compared to  2 . 36 and 2 . 43  lb . for pigs fed 
Mecadox and the cont rol diet . Initial weight had no effect on feed/gain rat io . 
There were signi fi cant (P <. 0 1 )  differences among replicates for daily feed consump­
tion . Heavier pigs consumed more feed than lighter pi gs . 
Table 3 summarizes the results of the second phase of this expe riment involving 
feeding tylosin to pigs that had previous ly been fed the feed additives as dis cussed 
above . Differences in daily gains we re not signi ficant , although pigs fed tylosin 
gained 0 . 08 lb . per day more than pigs fed the basal diet . Pigs fed the control 
diet during the initial 5-week period showed a greater response to tylosin in the 
finishing period than did pigs fed the various additives in the early growth period . 
In this trial there did appear to be a carry-over e ffect from feed additives during 
early growth . Pigs fed the basal finishing die t gained from 1 1  t o  20% faster 
during this period if they had been fed one of the feed additives previous ly when 
compared to pigs previous ly fed the control diet . 
Feed/gain ratios were quite variable during the finishing period but did 
not differ significantly among treatments . It is difficult to exp lain the reason 
for the poor fee d  efficiency of pigs fed tylosin that had previous ly been fed FOA . 
It  is possible that this difference may be due , at leas t in part , to greater feed  
wastage in  this lot .  
Summary 
Ninety weanling pigs were used  in an expe riment to study the effects of feeding 
Mecadox ,  furazolidone , a furazolidone-oxytetracycline-arsanilic acid mixture and 
a chlortet racycline-sulfamethazine-penicillin mixture for 5 weeks . Af ter the 5-
week study the pigs were reallotted to study the effect of the previous t reatment 
on the response of pigs to tylosin . The experiment was terminated when pi gs aver­
aged 1 85 lb . 70 days af ter the end of the initial 5-week study . 
S igni ficant improvements in gain and feed/gain ratio were obse rved during 
the 5-week period when diets contained furazolidone and the two feed additive combi­
nations . There were no signi ficant effects due to feeding tylosin during the 
finishing phase . A greater response to tylosin was ob tained if the pigs had not 
been fed a feed additive during the early growth period . There appeared to be 
a carry-over effect from feed additives during the withdrawal pe riod . 
10 
- 3 -
Table 1 .  Composition of Basal Diets (Percent) 
First 5 weeks 5 wk . to 125  lb . 125 to 185 lb . 
Ground yellow corn 76 . 5  82 . 5  88 . 7  
Soybean meal (44%) 20 . 7  14 . 8  8 . 9  
Dicalcium phosphate 1 . 6 1 . 5  1 . 2  
Ground limes tone 0 . 5  0 . 5  0 . 5  
Trace mineral s alt  (0 . 8% zinc) 0 . 5  0 . 5  0 . 5  
Vitamin premixa 0 . 2  0 . 2  0 . 2  
a Provided per lb . of die t : vitamin A ,  1500 IU ; vitamin D ,  200 IU ; riboflavin , 
1 . 25 mg ;  pantotheni c acid , 5 mg; niacin , 10 mg ;  choline , 50 mg and vitamin B1 2 , 
7 . 5  micrograms . 
Rep 1 
Rep 2 
Rep 3 
Avg . 
Rep 1 
Rep 2 
Rep 3 
Avg . 
Rep 1 
Rep 2 
Rep 3 
Avg . 
Table 2 .  Growth Performance of Pigs Fed Feed Additives 
For a Five-Week Perioda 
Control 
1 . 33 
1 . 15 
0 . 9 3  
1 . 14 
3 . 30 
2 . 69 
2 . 3 1 
2 .  77 
2 . 48 
2 . 34 
2 . 47  
2 . 43  
Mecadox Fur ox FOA 
Average Daily Gain, 
1 . 39 
1 . 20 
0 . 76 
1 . 12 
1 .  39 
1 . 40 
1 . 09 
1 . 30 
1 . 50 
1 . 46 
1 . 0 1  
1 . 32 
Avg . Daily c Fee d Consumed, Lb . 
3 . 1 3  
2 .  7 2  
1 . 94 
2 . 60 
2 . 25 
2 . 2 8 
2 . 54 
2 . 36 
3 . 1 1  3 .  35 
2 . 83 2 . 85 
2 . 30 2 . 2 1  
2 . 74 2 . 79 
Feed/Gain
d 
2 . 10 
2 . 25 
2 . 1 1 
2 . 15 
2 . 24 
1 . 96 
2 . 18 
2 . 13 
ASP -250 
1 . 45 
1 . 43  
1 . 2 1  
1 . 36 
3 . 1 1  
3 . 08 
2 . 45 
2 . 88 
2 . 15 
2 . 15 
2 .0 3  
2 . 1 1 
Replicate 
average 
1 . 4 1  
1 .  32 
1 . 00 
3 . 20 
2 . 8 3 
2 . 24 
2 . 24 
2 . 20 
2 . 2 7  
a 
Six pigs per lot ; avg . initial we ight , 40 , 31  and 2 5  lb . for rep licates 1 ,  
b 2 and 3 ,  respectively . S igni fi cant treatment (P< . 025) and replicate (P < .005)  differences . c 
d 
Significant replicate (P<. 005 ) diffe rences . 
Signi ficant treatment (P< . 05 )  differences . 
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Basal 
Tylosin 
Average 
Basal 
Tylosin 
Average 
Bas al 
Tylosin 
Average 
Table 3 .  
Control 
1 .  30 
1 . 63 
1 . 46 
4 . 66 
5 . 14 
4 . 9 0  
3 . 59 
3 . 17  
3 .  38 
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Effect of Tylosin on Growth Performance of Pigs 
a 
Replicate 
Mecadox Fur ox FOA ASP-250 average 
Average Daill Gain2 Lb . 
1 . 44 1 . 50 1 . 5 7  1 . 5 7  1 . 47 
1 . 55 1 . 64 1 . 4 7  1 . 48 1 . 55 
1 . 49 1 . 5 7  1 . 52  1 . 5 2  
Average Daill Feed Consumed2 Lb . 
5 .  7 1  5 . 2 3 5 . 17 5 . 16 5 . 19 
5 . 86 5 . 29 6 . 0 1  4 . 86 5 . 43 
5 . 78 5 . 26 5 . 60 5 . 0 1  
Feed/Gain 
3 . 79 3 . 43 3 . 32 3 . 29 3 . 50 
3 . 80 3 . 22 4 . 06 3 . 28 3 . 5 1  
3 . 80 3 . 33 3.6 9  3 . 29 
a 
Six to eight pigs per lot; avg . initial wt . ,  79 lb . ;  avg . final wt . ,  1 8 5  pounds . 
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South Dakota S tate Universi ty 
Brookings , South Dakota 
Department of Animal S cience 
Agricultural Experiment S tation 
A. S .  Series 74-27 
Zinc Supplementation of Swine Diets 
George W .  Libal and Richard C .  Wahls trom 
Zinc is one of the trace mineral elements that has been shown to be required 
in diets of growing swine . A lack of zinc in the diet can result in the disease 
"parakeratosis , "  a skin disease , but also is associated with reduced gains and 
performance . This condition can be eliminated by feeding zinc in a trace mineral 
mixture or as trace mineral salt containing a high level (0 . 8  to 1%) of zinc. A 
level of 40 or 50 ppm of zinc would be supp lied  to the diet by 0 . 5% trace mineral 
salt containing 0 . 8  or 1% zinc. 
The obj ective of this experiment was to determine if a zinc proteinate (organic 
zinc methionine) is of. value to pigs when added to diets that contain zinc in the 
form of trace mineral salt . 
Experimental Procedure 
Forty-eight crossb red pigs , all gilts , averaging about 47 lb . were allotted 
to six pens of eight pigs each on the basis of weight and ances try . Three pens 
were assigned to each of the two treatment groups . Confinement pens with concrete 
or aluminum slatted floors were use d .  The composition of the basal diets is shown 
in table 1 .  The diets contained app roximately 15% protein when fed to an average 
weigh t of 1 10 lb . and 1 2 %  protein from 1 10 to 200 pounds . One treatment ( control) 
received the bas al diet while the othe r treatment received the basal die t  plus 
2 lb . pe r ton of "Zinpro-40 , "  guaranteed to contain not less than 9% zinc. This 
level added 90 ppm of zinc to the basal diet which contained 40 ppm of supplemental 
zinc from the trace mineral salt . 
Results 
Growth performance data are summarized in table 2 .  The addition of the z inc 
proteinate supp lement did not significantly (P< .05)  affect average daily gain , 
feed consumption or feed efficiency . During the initial growth phase both groups 
gained at approximately the same rate and feed /gain was 2 . 90 for both treatments . 
During the finishing phase gains we re again similar between treatments and pigs 
fed the zinc supplement required 3 . 80 lb . of feed per lb . of gain compared to 
3 . 98 lb . for the pigs fed the control die t .  For the total period daily gains 
were 1 . 44 lb . for both groups and feed/gain was 3 . 5 1  and 3 . 4 1  for pi gs fed the 
control and zinc supp lement , respectively . 
Summary 
Forty-eigh t weaned ,  crossb red , female pigs were divided into six lots to evaluate 
"Zinp ro-40 , "  a zinc pro teinate supp lement . The data obtained in this experiment 
indicate there is no benefit in pig performance when additional zinc is added to 
a die t  containing 40 ppm supplemental zinc. 
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Tab le 1 .  Composition of  Experimental Diets (Percent) 
Ingredients 
Ground yellow corn 
Soybean meal (44%) 
Dicalcium phosphate 
Limestone 
Trace mine ralized salt
a 
b 
Vitamin-antibiotic premix 
a 
To 1 10 lb . 
80 . 0  
1 7 . 3  
1 . 5 
0 . 5  
0 . 5  
0 . 2  
1 10 lb . to market 
88 . 4  
9 . 0 
1 . 4 
0 . 5  
0 . 5  
0 . 2  
b 
Contains 0 . 8% zinc . 
Provided pe r lb . of diet : vitamin A ,  1500 IU; vitamin D ,  150 IU ; riboflavin, 
1 . 25 mg ;  pantothenic acid, 5 mg ;  niacin , 10  mg; choline, 50 mg; vitamin B 1 2 , 
7 . 5  mcg and chlortetracycline , 10  milligrams . 
Table 2 .  a Effect of Supplemental Zinc on Performance of Growing Pigs 
Control Zinc supplemented0 
diet die t  
Number of pigs 24 24 
Initial weigh t , lb . 47 . 0  4 7 . 0  
Final weight , lb . 198 . 0  198 . 0  
Initial t o  1 10 lb . 
Avg . daily gain , lb . 1 . 42 1 . 4 1  
Feed consumption , lb . 4 . 1 8 4 . 09 
Feed/gain 2 . 90 2 . 90 
1 1 0 lb . to market 
Avg . daily gain , lb . 1 . 44 1 . 4 7  
Feed cons umption , lb . 5 . 75 5 . 58 
Feed/gain 3 . 9 8  3 . 80 
Initial to market 
Avg . daily gain , lb . 1 . 44 1 . 44 
Fee d consumption , lb . 5 . 05 4 . 9 1 
Feed/gain 3 . 5 1  3 . 41 
a 
b 
No significant differences due to treatments were observed . 
Die t  contained 2 lb . per ton of "Zinpro-40" (90 ppm zinc) . , 
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South Dakota State University 
Brookings , South Dakota 
Dep artment of Animal Science 
Agricultural Experiment S tation 
A . S . Series 74-28 
Blood Meal as an Ingredient in Diets for Growing-Finishing Pigs 
Richard C .  Wahls trom , George w. Libal and Steve Robbins 
Dried blood has been used for animal feeds for many years . Although it is 
a product containing high amounts of protein , the conventional methods used for 
drying blood give a product in whi ch some of the amino acids , particularly lysine , 
are not readily available to the animal .  A previous expe riment reported at the 
1 9 73 Swine Day (A. S .  Series 7 3-39) indicated that levels of 2 and 4% b lood meal 
could replace an equal level of soybean meal without affecting pig performance . 
The present experiment was conducted to ob tain further information on the 
value of blood meal as a partial subs titute for soybean meal in diets for growing 
pigs and to study the availability of lysine in blood meal . 
Experimental Procedure 
A to tal of 144 pigs averaging 53  lb . initially were used in this experiment . 
The pigs were allotted to three replications of six treatments on the basis of  
ancestry, sex and weigh t .  Each lot consisted o f  four barrows and four gilts . They 
were housed in a confinement type building in pens 9 x 7 . 5  ft . that contained 
a three-hole self-feeder and a nipple type , automatic watere r .  All the pens had 
slatted floors , one-half of them had 8-inch wi de slats and the other half had 5-
inch s lats . 
The six dietary treatments were as follows: 
1 .  Corn-soybean meal bas al die t 
2. Two percent blood meal replaced 2% soybean meal 
3 .  Four percent blood meal rep laced 4 %  soyb ean meal 
4 .  Two pe rcent b lood meal replaced an equivalent amount of protein 
from soybean meal 
5 .  Four percent b lood meal replaced an equivalent amount of protein 
from soybean meal 
6 .  As die t  5 p lus 0 . 1% L-lysine 
The compos itions of the 14% protein grower and the 1 2% finisher die ts for 
the six treatments are shown in tables 1 and 2, respectively . Pigs were changed 
to the lower protein diets when lots averaged 1 20 pounds . The expe riment was 
terminated when pigs reached an average weight of approximately 200 pounds . 
Results 
Growth performance of the pigs fed the various die tary t reatments is shown 
in table 3 .  Significant (P< . 005) differences exist ed among treatments in feed 
required per unit of gain during the growing period up to a weight of 1 20 pounds . 
Pigs fed the com-s oybean meal diet required the least feed/gain and those fed 
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the diets containing 4% b lood meal (diets 3 and 5) without lysine supp lementation 
required the mos t  feed/ gain .  Although average daily gains we re not significantly 
di fferent among treatments during this pe riod, gains were also lowest for pigs 
fed diets 3 and 5 .  
There were no significant differences among treatments during the period 
from 1 20 lb . to market we ight .  However , pigs fed die t  5 containing 4% b lood meal 
and 2 . 5% corn to replace 6 . 6 %  s oybean meal , an equivalent subs titution of p rotein , 
gained only 1 . 38 lb . per day compared to gains of 1 . 5 1  to 1 . 65 for the pi gs recei ving 
the other dietary treatments . For the total period the pigs fed die t 5 also gained 
less per day ( 1 . 4 1  lb . )  and required the highes t amount of feed/gain ( 3 . 56 lb . ) . 
Pigs in the othe r treatment groups had similar gains ranging from 1 . 5 3  to 1 . 59 lb . 
per day while feed/gain ranged from 3 . 26 to 3 . 4 7  pounds . I t  would appear that 
the lysine in blood meal was not highly available as pigs fed die t  6 containing 
0 . 1% supp lemental lysine gained 0 . 17 lb . pe r day faster and required 0 . 22 lb . les s 
feed/gain than pigs fed the same die t without lysine (diet 5) . 
Summary 
Pigs fed diets containing 2 and 4% of conventionally dried blood meal replacing 
an equal amount of soybean meal or 2% b lood meal replacing an equivalent amount 
of protein gained at similar rates but required slightly more feed/gain than pigs 
fed a corn-soybean meal die t . A die t containing 4% b lood meal replacing an equiva­
lent amount of protein from soybean meal resulted in reduced pig gains and decreased 
feed e ff iciency . Supplementing this diet with 0 . 1% lysine improved pe rformance to 
that of pigs fed the com-soybean meal diet . These results sugges t that up to 4% 
soybean meal can be replaced with an equal amount of blood meal ; but , i f  4% b lood 
meal rep laces an equivalent amount of protein , a deficiency of lysine may e xis t . 
Tab le 1 .  Composition of Diets Fed to 120 Pounds (Percent) 
I !!S,redients 
Ground yellow corn 
Soybean meal (44%) 
Blood meal 
Dicalciwn phosphate 
Ground limestone 
Trace mineral salta 
L-lysine b Vitamin-antibiotic mix 
a 
1 2 
82 . 7  82 . 7  
14 . 6  1 2 . 6  
-- 2 . 0 
1 . 5 1 . 5  
0 . 5  0 . 5  
0 . 5  0 . 5  
-- --
0 . 2  0 . 2  
Treatments 
3 4 5 6 
82 . 7  84 . 1  85 . 3  85 . 2  
10 . 6  1 1 . 2  8 . 0  8 . 0  
4 . 0 2 . 0  4 . 0  4 . 0  
1 . 5 1 . 5  1 . 5  1 . 5  
0 . 5  0 . 5  0 . 5 0 . 5 
0 . 5  0 . 5  0 . 5  0 . 5  
-- -- -- 0 . 1  
0 . 2  0 . 2  0 . 2  0 . 2  
b Contained 0 . 8% zinc . Supp lied per lb . of diet : 
1 . 25 mg ;  pantothenic acid , 
7 . 5  mcg and aureomycin ,  10 
vitamin A, 1500 IU ; vitamin D, 150  IU ; riboflavin , 
5 mg ;  niacin , 10  mg ;  choline, 50 mg; vitamin B 12,  
milligrams . 
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Tab le 2 .  Composi tion of Diets Fed From 1 20 to 200 Pounds (Percent) 
Treatments 
Ingredients 1 2 3 4 5 6 
Ground yellow corn 88 . 4  88 . 4  88 . 4  89 . 8  9 1 . 1 9 1 . 0  
Soybean meal (44%) 9 . 0 7 . 0  5 . 0 5 . 6 2 . 3  2 . 3  
Blood meal 2 . 0  4 . 0 2 . 0 4 . 0  4 . 0 
Dicalcium phosphate 1 . 4  1 . 4 1 . 4 1 . 4 1 . 4 1 . 4 
Ground limes tone 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  
Trace mineral s alt a 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  
L-lysine 
b 0 . 1 Vitamin-antibiotic mix 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  
.. a 
b Contained 0 . 8% zinc . 
See table 1 .  
Tab le 3 .  Growth Perf onnance o f  Pigs Fed Blood Meal 
Treatments 
1 2 3 4 5 6 
Number of pigs 
a 
24 24 24 24 24 24 
Initial weight ,  lb . 53 . 0  5 3 . 0  53 . 0  5 3 . 0  5 3 . 0  5 3 . 0  
Final weigh t ,  lb . 200 . 0  200 . 2  202 . 2  199 . 9  201 . 4  20 1 . 5  
Initial to 1 20 lb . 
Avg . daily gain , lb . 1 . 59 1 .  53  1 . 48 1 . 5 1  1 . 43 1 . 55 
Feed consump tion , lb . 4 . 60 4 . 62 4 . 75 4 .  72 4 . 70 4 .  70 
Feed/gainb 2 . 89 3 . 0 3  3 . 20 3 . 1 1 3 . 28 3 . 04 
1 20 lb . to market c 1 . 5 1  1 . 65 1 . 63  1 . 54 1 . 38 1 . 6 1 Avg . daily gain , lb . d 
Feed consump tion , lb . 5 . 38 6 .14 6 . 07  5 . 50 5 . 26 5 . 73 
Feed/gaine 3 . 55 3 .  7 1  3 .  7 1  3 . 60 3 . 80 3 . 59 
Overall 
Avg . daily gain , lb . c 1 . 54 1 . 59 1 . 55 1 . 53 1 . 4 1  1 . 58 
Feed consumption , lb . 5 . 00 5 .  37 5 . 4 1  5 . 14 5 . 0 1  5 . 28 
Feed/gaine 3 . 26 3 . 38 3 . 47 3 . 37 3 . 56 3 . 34 
a 
and four gilts per pen . b 
Three replicates of si x treatments with four barrows 
c Significant treatment difference (P < . 005 ) . 
d Significant sex difference (P< . 005 ) . 
Significant replication difference (P< . 05 ) . e 
S ignificant replication difference (P < .025) . 
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Supplementat ion of Qpaque-2 and Normal Corn With Lysine and 
Tryptophan for Finishing Swine 
John G .  Volz , Richard C .  Wahlst rom and George W .  Libal 
Two of the mos t  limiting amino acids required in the diets of swine are lys ine 
and tryptophan. Regular corn varieties contain approximately 0 . 25% lysine and 0 . 08% 
tryptophan , while the requirement for optimum growth of the finishing pig is approxi­
mately 0 . 57% lysine and 0 . 1 1% tryp tophan . The refore , corn mus t be supplemented with 
protein supp lements that contain much higher levels of lysine and tryptophan in 
order to obt ain balanced diets and reach maximum performance . A few years ago 
scientis ts dis covered that corn containing a gene called opague-2 contained from 
50 to 100% more lysine and about 50% more tryp tophan than normal corn . 
The obj ective of this experiment was to evaluate the adequacy of normal and 
opague-2 corn as sources of lys ine and tryptophan for finishing swine . The criteria 
used to measure the value of these two amino acids were growth performance and 
carcass data.  
Experimental Procedure 
Ninety-six crossbred pigs averaging 123  lb . were divided into 24 lots on the 
basis of sex, weight  and ancestry . These lots we re then randomly assigned to each 
of eight treatments which were as fo llows : 
1 .  Opague-2 corn 
2 .  Opague-2 corn plus 0 . 1% L-lysine 
3 .  Opague-2 corn plus 0 . 04% L-tryptophan 
4 .  Opague-2 corn plus 0 . 1% L-lysine and 0 .04% L-tryp tophan 
5 .  Normal com-soybean meal ration , 12 . 6% protein 
6 .  Normal corn plus 0 . 2% L-lysine 
7 .  Normal corn plus 0 . 04% L-tryp tophan 
8 .  Normal corn plus 0 . 2% L-lysine and 0 . 04% L-tryptophan 
The composition of the rations fed is shown in table 1 .  All diets were sup­
plemented with 'minerals and vitamins . Feed and water were provided ad libitum. 
Pigs were housed in uninsulated , wooden houses placed on concrete and had access 
to concrete outside lots where feeders and waterers we re located . The experiment 
was conducted from mid-March to mid-May . 
The amino acid contents of the normal and high-lysine corns are shown in tab le 2 .  
The two corns , which were supp lied by Troj an Seed Company , Olivia , Minnesota , were 
of the same variety and diff ered only in the genes incorpor�ting amino acids . 
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Res ults 
The growth performance data are summarized in tab le 3 .  Treatment means for 
average daily gain ranged from 1 . 17 to 1 . 86  lb . for the eight treatments. Pigs fed 
the normal corn-lysine supp lemented diet gained the slowest of the eight treatments ,  
1 . 1 7 lb . per day . With the exception of the pigs fed the opaque-2 corn plus trypto­
phan , pigs fed the other opaque-2 diets gained significantly more than the pi gs 
fed the normal corn supplemented with eithe r lysine or tryp tophan alone . The pigs 
fed the opaque-2 corn plus tryp tophan die t  did gain significantly more than the 
pigs fed the normal corn diet supp lemented wi th lys ine . There we re no significant 
differences between the opaque-2 corn die ts and the normal corn supp lemented with 
both lysine and t ryp tophan . The normal corn-soyb ean meal diet resulted in the 
fas tes t gains of 1 . 86 lb . per day . The growth rat es of the pigs fed the opaque-2 
diets indicate that opaque-2 corn is adequate in lysine and tryptophan , and there 
is no benefi t in supp lementation wi th these amino acids . 
Required units of feed pe r unit of gain for the eight treatments ranged from 
3 . 54 to 4 . 9 7 .  Feed e fficiency also was the best for pigs fed the normal corn­
soybean meal die t , 3 . 54 .  Pigs fed the opaque-2 diets gained more e fficiently than 
pigs fed the normal corn diets supplemented with ei ther lysine or tryptophan . Again , 
there were no signi ficant differences between opaque-2 diets and the normal corn 
supplemented with tryp tophan had the poorest feed efficiency , 4 . 9 7 .  
Treatments did not signi ficantly affect feed consumption , although pigs fed 
the normal corn supp lemented with lysine and the opaque-2 corn supplemented wi th 
tryp tophan ate noticeab ly less fee d .  Average feed consumption ranged from 5 . 6 1  
t o  6 . 80 for the eight treatments . 
The carcass data are sunnnarized in table 4 .  There we re no signi ficant dif­
ferences in carcass measurements due to treatment . Although there were no dif­
ferences in carcass measurements , there were several differences in tissue analyses . 
Pigs fed the opaque-2 corn plus lysine die t  produced carcasses with the mos t  
protein and the leas t amount o f  fat , while pigs fed the normal corn die t supple­
mented wi th t ryptophan produced carcasses with the leas t amount of protein and 
the most fat . Als o , normal corn diets supp lemented with both lys ine and tryp tophan 
produced carcasses yielding more protein and less fat than the carcasses produced 
by normal corn diets supp lemented with ei ther lysine or trypt ophan alone . 
The average dai ly gain , feed efficiency and carcass data indicate that per­
formance of finishing pigs fed opaque-2 corn supplemented with vitamins and minerals 
was superior to that of pigs consuming normal corn die ts supplemented with either 
lys ine or t ryp tophan . In most cases pigs cons tuning the normal corn die t  supple­
mented with both lysine and tryp tophan performed similarly to pigs fed opaque-2 
corn diets . Since pigs fed the corn-soybean meal diet gained at a faster and 
more e fficient rate than those pigs fed opaque-2 corn supplemented die t s ,  it would 
appear that ei ther total protein was lacking in the opaque-2 die t s  or other essential 
amino acids were deficient . Although pigs fed normal corn diets supplemented 
with either lysine or tryp tophan alone did not perform equal to the opaque-2 diets , 
it  appears that when both of these essential amino acids are added t he performance 
of finishing swine is comparab le .  
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Sunnnary 
Ninety-six crossb red pigs weighing 1 2 3  lb . were fed normal and opaque-2 corn 
die ts supplemented with either lysine, tryptophan or both of these amino acids . 
From the performance and carcass data of the pi gs in this experiment , it appears 
that opaque-2 corn is a be t ter  source of lys ine and tryp tophan . It  is also possib le 
that the amino acids are in a better balance in opaque-2 corn than in normal corn .  
Although the pigs fed the supplemented o paque-2 diets performed b etter than the 
pigs cons uming supp lemented normal corn d iets , they did not perform as well  as 
the pigs fed the normal com-soybean meal die t . Also , it was shown that normal 
corn could be supp lemented with both lysine and tryptophan and the performance 
of finishing swine would be comparable to the opaque-2 die ts . 
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Tab le 1 .  Composi tion of Diets (Percent) 
Treatment 
Opaque-2 + Normal Normal Normal Normal corn + 
Qpaque-2 Opaque-2 0 . 1% L-lysine corn- corn corn 0 . 2% L-lysine 
+ 0 . 1% + 0 . 04% and 0 . 04% soyb ean + 0 . 2% + 0 . 04% and 0 . 04% 
Ingredient Opaque-2 L-lysine L-tryptophan L-t ryptophan meal L-lysine L-t ryptophan L-tryptophan 
Normal corn -- -- -- -- 85 . 49 9 7 . 18 9 7 . 34 9 7 . 14 
Opaque-2 corn 9 7 .  38 9 7 . 28 97 . 34 97 . 24 
Soybean meal ( 44%) -- -- -- -- 12 . 06 
Trace mineralized salt 
(0 . 8% zinc) 0 . 5  0 . 5  0 . 5  0 . 5 0 . 5  a 0 . 94 0 . 94 0 . 94 0 . 94 0 . 74 Dicalcium phosp hate 
Limes toneb 0 . 78 0 . 78 0 . 78 0 . 78 0 . 8 1  
0 . 5  0 . 5  0 . 5  
0 . 94 0 . 94 0 . 94 
0 . 78 o. 78 0 . 78 
Premixc 0 . 4  0 . 4  0 . 4 0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  
L-lysine -- 0 . 1  -- 0 . 1 0 . 2  -- 0 . 2  
L-t ryptop han -- -- 0 . 04 0 . 04 0 . 04 0 . 04 
a 
b 24% calcium and 2 1% phosp horus . 39% calcium. c Premix contained pe r lb . of diet : vitamin A, 1 19 1 . 75 IU ; vitamin D, 1 1 9 . 1 75 IU ; riboflavin, 1 . 875 mg ; 
pantot henic acid , 7 . 5  mg; niacin , 1 5  mg; and vitamin B 12 , 1 1 . 25 milligrams . 
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Table 2 .  Amino Acid Content of Ingredients Used (Percent) a 
(Chemical Analysis ) 
Ingredient 
Normal 
yellow Opaque-2 Soybean 
Amino Acid corn corn meal 
Lysine 0 . 3450 0 . 4457  2 . 946 
His tidine 0 . 4084 0 . 3496 1 .  300 
Annnonia 0 . 2888 0 . 2859 1 . 1 12 
Arginine o .  7 150 0 . 76 5 3  3 . 5 80 
Tryp tophan 0 . 09 70 0 . 1690 1 . 55 0  
Asp artic acid 0 . 6 8 1 7  0 . 9032 6 . 350 
Threonine 0 .  35 70 0 .  3886 2 . 060 
Se rine 0 . 4762  0 . 55 2 2  2 . 9 30 
Glutamic acid 2 . 5 180 0 . 0420 12 . 250 
Pro line 1 . 5240 0 . 87 2 7  2 . 6 20 
Glycine o. 4560 0 . 50 37 2 . 250 
Alanine o .  7265 0 . 6 266 2 . 370 
Half cys tine 0 . 1 343 0 . 1 690 0 . 650 
Valine 0 . 505 7 0 . 5453 2 . 520 
Methionine 0 . 17 9 7  0 . 1838 0 . 590 
Isoleucine 0 . 2 775 0 . 3363 2 . 320 
Leucine 0 . 0 389 0 . 86 35 3 . 870 
Tyrosine 0 . 3780 0 .  3226 1 . 8 10 
Phenylalanine 0 . 475 1 0 . 42 16 2 . 350 
--
a 
On a dry matter basis . 
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Table 4 .  Effect of Amino Acid Supp lementation of Opaque-2 and Normal Corn 
on t he Carcass Characteris tics of Finis hing Swine 
Opague-2 + Normal Normal Normal 
Opaq,ue-2 Opaq,ue-2 0 . 1% L-lysine corn- corn corn 
+ 0 . 1% + 0 . 04% and 0 . 04% soybean + 0 . 2% + 0 . 04% 
Opague-2 L-lysine L-t ryp tophan L-tI:Yptophan meal L- lysine L-tI:Yptophan 
Number of pigs 
a 
6 6 6 6 6 6 6 
Carcass measurements 
Dressing percent 69 . 90 69 . 53 68 . 88 70 . 62 69 . 5 1  70 . 14 69 . 31  
Carcass length,  in.  30 . 03 30 . 13 29 . 87 29 . 75 30 . 22 30 . 10 29 . 78 
Carcass weight , lb . 150 . 8  152 . 2  146 . 7  149 . 6  1 49 . 9  1 33 . 8  142 . 1  
Percent ham 1 9 . 92 22 . 57 20 . 48 2 1 . 78 2 1 . 85 2 1 . 14 20 . 8 1  
Percent loin 1 7 . 37 1 8 . 36 16 . 55 17 . 08 18 . 89 1 7 . 9 8 16 . 66 
Ham and loin percent 37 . 28 40 . 9 3 37 . 0 3  38 . 86 40 . 74 39 . 1 3 37 . 47 
Loin eye area , sq . in . 4 . 39 5 . 0 1  4 . 06 4 . 53  4 . 9 4  4 . 34 4 . 20 
Backfat , in . 1 . 26 1 . 2 1  1 . 20 1 . 17 1 . 20 1 . 14 1 . 29 
Tissue analysis 
Percent water 70 . 26 73 . 60 7 1 . 9 8 72 . 32 72 . 29 72 . 25 69 . 35 
Percent protein 20 . 54 2 1 . 45 20 . 50 20 . 9 7  2 1 . 59 20 . 38 19 . 0 7  
Percent fat 8 . 15 4 . 0 1  6 . 62  5 . 25  4 . 45 5 . 98  10 . 05 
a 
Barrows from three replicated lots of four pigs each. 
Normal corn + 
0 . 2% L-lysine 
and 0 . 04% 
L-t I:Yptophan 
6 
69 . 78 
29 . 60 
142 . 4  
2 1 . 1 1 
1 7 . 87 
38 . 9 8  
4 . 6 1 
1 . 20 
72 . 73  
2 1 . 0 1 
5 . 17 
Table 3 .  Effect o f  Amino Acid Supp lementation o f  Opaque-2 and Normal Corn 
on Growth Performance of Finishing Pigs 
Opague-2 + Normal Normal Normal Normal corn + 
Opague-2 0,Eague-2 0 . 1% L-lysine corn- corn corn 0 . 2% L-lysine 
+ 0 . 1% + 0 . 04% and 0 . 04% soybean + 0 . 2% + 0 . 04% and 0 . 04% 
Qpague-2 L-l ysine L-tryptophan L-tryptophan meal L-lysine L-tryptophan L-tryptophan 
---�---------- -- ----�� 
Numbe r of pigs 
a 
12  12 12 12  12  12  12  12  
Avg . initial wt . ,  lb . 1 23 . 3  1 2 3 .  2 122 . 9  1 2 1 . 4  123 . 4  1 24 . 3  1 2 3 .  3 1 2 3 .  6 
Avg . final wt . ,  lb . 1 80 . 3  1 8 1 . 3 1 74 . 9  180 . 5  188 . 7  165 . 3 17 1 . 2  1 76 . 8  
Avg . daily gain , lb . 
Rep 1 1 . 6 2  1 . 6 3  1 . 53 1 . 5 7  1 . 92  1 . 20 1 .  2 1  1 . 59 
Rep 2 1 . 42 1 . 6 8 1 . 28 1 . 84 1 . 8 1 1 . 06 1 .  38 1 . 55 
Rep 3 1 . 84 1 . 68 1 . 65 1 . 6 7  1 . 86 1 . 25 1 .  5 1  1 . 42 
..,) 
Avg . 1 . 6 3 1 . 66 1 . 49 1 . 69 1 . 86 1 . 1 7 1 .  37 1 . 52 ::- 0\ 
Avg . daily feed, lb . 
Rep 1 6 . 24 6 . 24 6 . 05 6 . 76 6 .  7 1  5 .  32 6 . 02 5 . 9 6  
Rep 2 6 . 75 6 . 79 5 . 66 6 . 9 1  6 .  30 5 . 12 7 .  36 5 . 69 
Rep 3 7 . 25 6 . 16 6 .  79 6 . 33 6 . 69 6 . 39 7 . 02 6 . 38 
Avg . 6 . 75 6 . 40 6 . 17 6 . 6 7 6 . 57  5 . 6 1  6 . 80 6 . 0 1  
Avg . feed/gain 
Rep 1 3 . 89 3 . 84 3 . 99 4 . 32 3 . 5 1 4 . 40 4 . 9 8  3 . 76 
Rep 2 4 .  72 4 . 07  4 . 43 3 . 74 3 . 49 4 . 85 5 . 32 3 . 70 
Rep 3 3 . 93  3 . 68 4 . 12 3 . 79 3 . 62 5 . 09 4 . 62 4 . 46 
Avg . 4 . 18 3 . 86 4 . 18 3 . 95 3 . 54 4 .  78 4 . 9 7  3 . 9 7  
a 
Three replicated lots of four pigs each.  
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Effect of Level of Feeding During Lactation 
on Sow and Pig Performance 
George W .  Lib al and Richard C .  Wahlstrom 
The requirements of the lact ating sow for dietary energy are dependent on 
the level of body reserves at farrowing time and the amount and composition o f  
milk produced . I t  has been reported that voluntary feed consumption and weight  
change during lactation are influenced by  level of feeding and weight gain during 
ges tation . Recent research has indicated that energy utilization during the repro­
ductive cycle is more eff icient wit h  a feeding sys tem allowing only moderate gains 
in ges tation and an increased feeding level during lactation . The data reported 
herein is a summary of five t rials , two of which were reported previously (A. S .  
Series 7 1 -44 and 7 3 -50). The studies we re conducted to investigate the eff ects 
of res tricting daily feed intake of the lactating dam to 1 lb . pe r pig nursing 
compared to ad libitum feeding during a 2 1 -day lactation period . 
Expe rimental Procedure 
A s eries of five trials utili zed 1 24 crossb red sows that we re allotted by 
parity , weight , ancestry and previous gestation treatment to two groups at farrowing . 
One group was fed ad lib i tum and the other group received 1 lb . of feed per day for 
each nursing pig for a 2 1 -day lactation pe riod . Gestation diets di ffered between 
t rials . However ,  in all trials sows were fed the equivalent of approximately 4 lb . 
of fee d ,  6 . 2  Kcal of Diges t ib le Energy (DE) , during the ges tation period . All 
sows were farrowed in individual crates or farrowing pens in the same farrowing 
house and similar conditions of management we re imposed on both groups . 
The lactation diet utilized in these t rials is shown in tab le 1 .  A 1 6% protein 
corn-soybean meal diet containing 10%  bee t pulp and calculated to contain 1 . 38 Meal 
of DE was fed twi ce dai ly to provide the two feeding levels . Both s ows and pigs 
were weighed immediately after farrowing and at 7 ,  14  and 2 1  days . 
Results and Discussion 
Pig perfonnance data are presented in tab le 2 and sow weight  and feed con­
sump tion data are summarized in table 3 .  Although .litter siz e  was not equalized 
among litters , t he average number of pigs pe r lit ter was similar at birth , 10 . 6  
and 1 0 . 7  fo r ad libitum and res trict ed-fed s ows , respectively . Treatments did 
not have a signi ficant e ff ect on n umber of pi gs at 7 ,  14 or 2 1  days . Percent sur­
vival was slightly , but not signi f icantly , greater for pigs on rest ricted-fed s ows , 
resulting in an average of 0 . 5  more pigs per litter at 2 1  days for these s ows .  
Litter wei gh ts were significantly different between treatments at 7 day s .  
At t his time res tricted-fed s ows we re nursing an average o f  9 . 3  pigs which were 
0 . 26 lb . heavier t han t he 8 . 8  pigs per lit te r  of t he ad libitum-fed sows ,  resulting 
in a significantly heavier average for lit ters from restricted-fed sows. However , 
pigs nursing sows fed ad libit um  we re significantly heavier at 2 1  day s .  
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Feed consumption had a significant effect on sow weight . T he differences 
between t reatments in sow weight c hange at 7 ,  14 and 2 1  days were each signi ficant . 
Sows fed ad libi tum gained app roximately 3 . 6  lb . during t he firs t 7 days of  lacta­
tion and t hen essentially maintained t heir weight t he next 14  days . Res tricte d 
sows lost weight each week , losing a total of 25 . 5  lb . during t he 2 1-day lactation 
period . Differences between treatments were signi ficant at 1 4  and 2 1  days in total 
feed  consump tion and at 7 ,  14 and 21 days for feed consumed per pig nursing .  Feed 
consumption averaged 1 4 . 5  lb . and 8 . 0 lb . per day for ad lib itum and restricted 
sows , respectively , res ulting in respective daily energy intakes of 20 and 1 1  Meal 
of  DE per day . The ad libitum sows consumed an average of 1 38 lb . more feed during 
t he 2 1-day lactation-Pe riod t han did sows res tricted to 1 lb . pe r day per nursing 
pi g .  
The results reported herein indicate t hat restricting feed t o  sows during 
a 2 1-day lactation to a daily level of 1 lb . pe r pig nursing reduced 2 1-day pig 
weights only s lightly . The greatest advantage of restricted feeding was t he re­
duction in feed consumed . Howeve r ,  t he economic advantage of less feed consumed 
appears to be offse t  by the increase in weight loss of sows when compared to t hose 
fed ad libitum. Which feeding system a producer would utilize would depend upon 
an evaluation of the relative cost of feed and sale price of sows at t he t ime o f  
each individual lactation . 
Summary 
Five t rials involving 124  sows we re conducted to investigate t he effect o f  
lactation energy intake on sow and pig pe rformance . A basal diet calculat ed to 
contain 1 . 38 Meal of DE per lb . was fed ad libitum or at a level of 1 lb . per 
pig nursing pe r day during a 2 1-day lactation period . 
Pig weights at 2 1  days were significantly greater for pigs nursing sows fed 
ad lib i tum .  Number of pigs and average lit ter weights were not significantly 
affected by lactation treatment . Sows fed ad libitum consumed significantly more 
feed  and were significantly heavier at we aning . Sow weight change was also s ig­
nificantly different between t reatments at 7 ,  14 and 2 1  days . Ad libitum-fed 
sows gained 3 . 1  lb . and res t ricted sows los t 25 . 5  lb . during the lactation period . 
Tab le 1 .  Composition of Lactation Diet 
Percent 
Ingredients of die t  
Ground yellow corn 
Soybean meal ( 50%) 
Dried beet pulp 
Dicalcium phosphate 
Limes tone 
Trace mineralized s alt ( high zinc) 
Vitamin premix 
26 
68 . 5  
18 . 0  
10 . 0  
2 . 0  
0 . 8  
0 . 5  
0 . 2  
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Table 2 .  Effect of Lactat ion Feeding Level 
on Production Data of Pigs 
Feeding level 
Ad libitum Rest ricted 
No . of Eigs 
Birth 10 . 6  10 . 7 
7 days 8 . 8  9 . 3  
14  days 8 . 4  9 . 0 
2 1  days 8 . 2  8 . 7  
Avg . Ei& weight 1 lb . 
Birth 2 . 94 3 . 05 
7 days 4 .  74 5 . 0 1  
1 4  days 7 . 85 7 . 80 
2 1  daysa 1 1 . 20 10 . 86 
Avg . litter weight1  lb . 
Birth 30 . 34 3 1 . 86 
7 days a 4 1 . 49 4 7 . 57 
14  days 65 . 88 70 . 22 
2 1  days 89 . 50 92 . 69 
a 
Signi ficant difference (P< .0 1)  between treatments . 
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Tab le 3 .  Ef fect of Feeding Level During Lactation 
on Feed Consump tion and S ow  Weight Change 
After farrowing 
2 1  days c 
7 days 
c 
14 daysc 
2 1  days c 
7 days 
1 4  daysc 
2 1  days c 
c 7 days 
14 daysc 
2 1  daysc 
a 
b 
6 1  sows . 
Feeding level 
Ad libituma RestrictedD 
Sow weight , lb • 
476 47 4 
480 448 
Sow weight change1 lb . 
3 . 6  -6 . 3 
1 . 8 -15 . 6  
3 . 1 -25 . 5  
Total feed consumEtion1 lb . 
88 . 8  7 1 . 6  
2 10 . 5  1 24 . 8  
305 . 1  167 . 0  
Feed/Eig nursin&2 lb . 
1 1 . 3  6 . 7  
27 . 9  14 . 7 
45 . 8  2 1 . 8  
6 3  s ows . 
c Signi ficant difference (P< . 0 1 )  between treatments . 
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High Prote in Oats as a Replacement for Corn 
in Growing-Finishing Swine Diets 
Richard C .  Wahls t rom,  George W .  Lib al and Steven L .  Robbins 
For years it has been stated that ground oats can replace approximately 25% 
of the corn in diets for growing swine without a significant effect on rate or 
efficiency of gain . Levels of oats higher than 25 % have been suggested to reduce 
pig pe rformance . Recent work by plant breeders has resulted in several varieties 
of oats that are considerab ly higher in protein than varieties of the past . One 
of these oat varie ties is Dal , an oats that contains a high level of groat (the 
grain remaining af ter hull removal) and one that is also high in protein content . 
The obj ectives of this experiment were to evaluate the protein quality of  
Dal oats and t o  determine the feeding value of  this oats when used to  replace 
different levels of corn in diets for growing -finishing swine . 
Expe rimental Procedure 
Nine ty-six crossbred pigs averaging 60 lb . were allotted on the basis of  
weight , ances try and sex t o  three rep licates of four t reatments . Each lot  con­
sisted of four barrows and four gilts . The pigs were housed on slatted floors 
in a completely enclosed confinement building . 
The experimental treatments we re as follows : 
1 .  Bas al die t ,  no oats 
2 .  Oats as 20% of the grain 
3 .  Oats as 40% of the grain 
4 .  Oats as 60% of the grain 
The composition of the diets is shown in tab le 1 .  Diets were calculated 
to contain equal amounts of lysine . The Dal oats contained 0 . 66%  lysine , whi le 
corn and soybean meal were es timated to contain 0 . 26 and 2. 90% lysine , respec­
t ively . The diets fed to 1 20 lb . were calculated to contain 0 . 74%  lysine and 
the diets fed fro m  1 20 to 200 lb . contained 0 . 60% lysine . Proximate analyses of  
the Dal oats and the comple te diets for both the growing and the finishing s tages 
are shown in table 2 .  
Results 
The growth and feed data for this t rial are summarized in table 3. No 
s tatis ti cal di fferences for any criteria during any stage of growth were seen 
due to dietary t reatment .  During the growing stage , 60 to 1 20 lb . ,  pi gs receiving 
diets which contained oats as either 40% or 60% of the grain grew s lightly s lower 
( 1 . 58 and 1 . 57 compared to 1 . 60 and 1 . 65 lb . /day) and were somewhat less e fficient 
in feed conversion ( 2. 9 7  and 2. 82 compared to 2 . 74 and 2 . 75)  than pigs receiving 
diets which contained oats as 0% or 20% of the grain . Dur ing the finishing stage 
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the pigs receiving 40% and 60% oats gained as fas t or faster than the o ther groups 
and were as efficient in feed  conversion as these groups . For the overall growing­
finis hing pe riod , gain and feed conversion means were similar for all treatment 
groups . 
In this s tudy high protein oats was s uccess fully fed at a rate of 60% of the 
die t  wi thout any adverse effects on gain and feed  efficiency . Due to formulation 
of all diets for an equal lysine content,  the use of hig h  protein oats also resulted 
in a major reduction of soybean meal (approximately 8% for the 60% oats diet) 
needed to supply protein to the die t. 
Summary 
Ninety-s ix crossbred pigs were fed die ts consis ting of corn as the sole s ource 
of grain compared to a high protein oats (Dal) as 20, 40 or 60% of the grain s upplied 
in the die t. All diets we re formulated to be equal in lysine content.  The in­
creas ing levels of oats resul ted in decreasing levels of soybean meal required 
to supply protein to the die t. No signifi cant differences in average daily gain 
or feed e fficiency were found due to die tary treatments , indicating that the high 
protein oats could be fed at these levels with no adverse effects on production 
and with a savings in supp lemental pro tein . 
Tab le 1 .  Compos i tion of Diets (Percent) 
a 
To 120 lb . 120 to 200 lb . 
Ingredients lA 2A 3A 4A lB 2B 3B 4B 
Ground corn 79 . 05 65 . 15 50 . 4  34 . 8  84 . 5  69 . 68 54 . 0  37 . 2 
Ground oats -- 1 6 . 3  33 . 6  5 2 . 2  -- 17 . 42 36 . 0  55 . 8  
S oybean meal (44%) 18 . 4  1 6 . 0  1 3 .  38 10 . 52 13 . l  10 . 5  7 . 65 4 . 7  
Dicalcium p hosp hate 1 .  2 1 . 2  1 . 2  1 . 15 1 . 0 1 . 0  1 . 0  0 . 95 
Ground limes tone b 0 . 65 0 . 65 0 . 62 0 . 63 0 . 7  0 . 7  0 . 65 0 . 65 Trace mineral sal t  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  
Vi tamin-antibiotic premixc 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  
a 
Diets fed to 1 20 lb . calculate d  to contain 0 . 74% lysine and diets from 1 20 to 
b 
200 lb . calculated to contain 0 . 60% lysine . 
Contained 0 . 8% zinc. c Supplied per lb . of diet:  
1 . 25 mg ; pantothenic aci d ,  
7 . 5  mcg and aureomycin, 1 0  
vitamin A ,  1500 IU ; vi tamin D ,  150  IU ; ribof lavin, 
5 mg ;  niac in ,  10 mg ;  choline , 50 mg; vitamin B 1 2 , 
milligrams . 
30 
- 3 -
Table 2 .  Proximate Analysis of Dal Oats and the Complete Experimental Diets ( %) 
Dal Experimental die ts 
oats lA 2A 3A 4A 1B 2B 3B 4B 
Mois ture 10 . 0  1 1 . 4 1 1 . 1  12 . 0  1 1 . 9 13 . 0  1 2 . l  1 1 . 6  1 1 .  2 
Protein 1 6 . 1  1 4 . 4  1 5 . 4  14 . 9  1 6  . o  1 3 . 8  1 4 . 7  16 . 0  14 . 0  
Fat 4 . 4  2 . 8  2 . 9  2 . 7  3 . 1  2 . 6  2 . 8  2 . 8  3 . 3  
Ash 3 . 2 4 . 2  4 . 5  4 . 6  4 . 8  3 . 8  4 . 4  4 . 3  4 . 7  
Crude fiber 1 3 . 2  3 . 8  5 . 1  7 . 2  9 . 1  3 . 6  5 . 8  7 . 1  9 . 1  
NFE 5 3 . 1 6 3 . 4  6 1 . 0  5 8 . 6  55 . 1  6 3 . 2  60 . 2  58 . 2  57 . 7  
Table 3 .  Effect of Hi gh Protein Oats as a Replacement 
for Corn in Growing-Finishing Swine Die ts 
Control 20% oats 40% oats 60% oats 
Number of pigs 24 24 24 24 
Avg. ini tial wt. , lb . 59 . 7 59 . 7  60 . 0  5 9 . 7  
Avg. final wt • , lb • 200 . 6  200 . 8  200 . 5  205 . 2  
Ini tial to 1 20 lb . 
Avg.  daily gain , lb . 1 . 60 1 . 65 1 . 5 8  1 . 5 7  
Daily feed consumed , lb . 4 .  37 4 . 5 3  4 .  34 4 . 42 
Feed/gain 2 . 74 2 . 75 2 . 9 7  2 . 82 
1 20 lb . to market 
Avg.  daily gain ,  lb . 1 . 65 1 . 6 8  1 .  75 1 . 69 
Daily feed consumed , lb . 5 . 54  5 . 6 8  5 . 88  5 . 83 
Feed/gain 3 . 36 3 . 43 3 . 37 3 . 45 
Ini tial to ma rke t 
Avg. daily gain , lb . 1 . 62 1 . 6 7  1 . 66 1 . 64 
Daily feed consumed,  lb . 5 . 02 5 . 16 5 . 16 5 . 2 1  
Fee d/gain 3 . 09 3 . 12 3 . 1 1  3 . 19 
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Age of Breeding and Reproductive Performance of Gilts 
George W .  Libal and Richard C .  Wahlstrom 
I t  has been a s tandard reconnnendation that gilts be bred when approximate ly 
8 months old so  they farrow at approximately a year of age . This would allow the 
gilt to reach an adequate weight, reach puberty and experience three es trous cycles 
which should increase litter size . This recommendation was made at a time when 
pigs reached market weight  at app roximately 7 to 8 months of age . This management 
of  the gilt had fit very we ll into the practice of farrowing twice a year at 6-month 
intervals . 
At a time when pigs reach market weight  at 5 to 6 months of age, when continu­
ous farrowing allowing gilts to fit into the farrowing program any time of the 
year is more popular and when feed costs are very high for the 2 to 3 months o f  
unproductive time whi le the gilt  is reaching 8 months o f  age, i t  i s  time to re­
evaluate our recommendation of age at which gilts should be bred . · The following 
data are from an initial experiment designed to compare reproductive performance 
of gilts bred at 6 months of age (approximately firs t es trus) with gilts bred at 
8 100nths of age (app roximately third est rus ) . 
Experimental Procedure 
A total of 70 crossbred gi lts were allotted to two breeding and management 
regimes on the basis of weight and ancest ry when approximately 5� months old .  
Fo.rty of the gilts we re selected t o  b e  farrowed and 30 o f  the gilts were selected 
to be slaughtered after 25 days of pregnancy . The farrowing group averaged about 
2 1 1  lb . and the slaughte r group averaged about 196 lb . at selection . Each of  these 
groups was then divided into two b reeding groups , one group to be bred at 6 months 
of age and one group to be bred at 8 months of age . From the time of allotment 
the 6-month group was fed 5 lb . and the 8-month group fed 4 lb . of  a standard 
ges tation ration shown in table 1 .  The fee d  was hand-fed in individual feeding 
stalls to insure that each gilt received her measured amount . The gi lts we re housed 
in wooden floor, bedded houses in dirt lots . 
When the average age of each group was either 6 months or 8 months, one o f  
two li ttermate Hampshire boars was hand bred in a single service t o  the gilts when 
in standing es trus . The breeding period was 4 weeks . Date of b reeding, weight 
at breeding and age at breeding we re recorded for each gilt . At farrowing sow 
1 1 0-day weigh ts and pig birth weights as well  as 7-,  14- and 2 1-day sow and pig 
weights were recorded . Gilts in the s laughter group we re s laughtered in the 
S . D . S . U .  Meat Laboratory . Weigh t  at s laughter as we ll as number of corpora lutea 
(an indication of the number of ova shed) and embryos at 25 days of pregnancy were 
recorded . 
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Results and Dis cussion 
Summaries of the gilt , pig and litter data for the gilt farrowing groups are 
shown in tables 2 and 3 .  Of the 20 gilts allotted to each breeding group , 19 from 
the 6-month group and 20 from the 8-month group were serviced and 14  from the 
6-month group and 1 6  from the 8-month group farrowed .  Average age at breeding was 
6 . 5  months and 8 . 5 months for t he two groups . Although initial allotment weights 
were app roximately equal , gilts in the 8-month group averaged approximately 50 lb . 
more than gi lts in the 6-month group at breeding and after 1 10 days of ges tation . 
Ges tation weight gains were approximately equal . Gilts from the 6-month group 
gained weight ( 7 . 3 lb . )  during a 2 1-day lactation period while gilts from the 
8-month group los t weight ( -9 . 6  lb . ) . 
The 8-month group of gilts averaged 0 . 5  more pigs at birth and 1 . 0 more pigs 
afte r  21 days lactation . However , these differences we re not statis tically di f­
ferent . The li tter weights at birth were significantly heavier for the 8-month 
group . Heavier litter weights after 7 ,  14  and 2 1  days lactation we re also  observed , 
but these di fferences we re not statis tically significant.  Average pig birth we ights 
we re s tatistically the same at birth but favored the 8-month group of gilts . Average 
pig weights after 7 ,  14 and 2 1  days lactation were signi ficantly greater for the 
8-month group of gilts . 
A summary of the gilt data for the slaughter groups of 6- and 8-month gilts 
is shown in tab le 4 .  Of the 1 5  gilts allotted to each breeding group , 1 1  were 
serviced and 7 we re p regnant in the 6-month group and 1 2  were serviced and 9 were 
pregnant in the 8-month group after 25 days o f  ges tation . Although gilt weights 
we re app roximately equal between breeding groups when allotted , gilts from the 
8-month group we re about 60 lb . heavier at bree ding and at s laughter than gilts 
from the 6-month group . Average ages at breeding were similar to those of  the 
farrowing groups . No statistical differences in number of corpora lutea indicating 
ovulation sites or number of embryos at s laughter we re observed .  However , average 
number of corpora lutea and embryos both favored the 8-month group . 
Summarz 
S eventy crossbred gilts were allotted to two breeding groups , one to be bred 
at 6 months of age receiving 5 lb . of feed per day and one to be bred at 8 months 
of age receiving 4 lb . of fee d  pe r day . Twenty gi lts from each group were de sig­
nated to farrow and 1 5  gilts of each group were designated to be s laughtered 
af ter 25 days of pregnancy . Average age at breeding was 6 . 5  and 8 . 5  months for 
the two groups . 
In the farrowing group the 8-month gilts were ab out 50 lb . heavier at breeding 
and at 1 10 days ges tation . They also lost weight during lactation compared to 
the 6-month group which gained weigh t .  No signi ficant diff erences were seen in 
number of pigs born or weaned .  Howeve r ,  average number of pigs a t  both o f  these 
times favored the 8-month group . Litter weight at bi rth and average pig weight 
at 7 ,  14 and 2 1  days were greater fo r the 8-month group . 
In the s laughter group the 8-month gilts wei ghed approximately 60 lb . more 
at breeding and at s laughter . No s tatistically signi ficant differences in number 
of corpora lutea or number of embryos we re obseryed. However , average numbers 
of both favored the 8-month group . 
33 
- 3 -
Table 1 .  Composition of Ges tation Die t  
Ingredient Percent of die t 
Ground yellow corn 
Ground oats 
Dehydrated alfalfa meal ( 17 %} 
Soybean meal (44%} 
Dicalcium phosphate 
Trace mineralized salt (high zinc} 
Vitamin premixa 
69 . 0  
10 . 0  
10 . 0  
7 . 0  
3 . 0  
0 . 5  
0 . 5  
a 
P rovided per lb . of die t : vitamin A ,  2000 IU ; vitamin D ,  
200 IU ; rib oflavin , 1 . 25 mg ; pantothenic acid , 5 mg ; niacin , 
10 mg ; choline , 50 mg and vitamin B 12 , 7 . 5  micrograms . 
Tab le 2 .  Gilt Data of the Farrowing Group 
Number of gi lts 
Numbe r of gilts serviced 
Number of gi lts farrowe d 
Avg . initial weigh t ,  lb . 
Avg . age at breedinga a 
Avg . breeding weight , lb . 
Avg .  1 10-day weigh t ,  lb .b 
Avg .  ges tation weight gain , lb . a 
Avg .  2 1 -day lactation weight change , lb . 
a 
b 
Significant dif ference (P< . 005} . 
Signi ficant difference (P< .05 } . 
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Age at breeding 
6 months 8 months 
20 
19 
14  
2 13 . 1  
195 . 6  
2 33 . 5  
355 . 1  
120 . 2  
+7 . 3 
20 
20 
1 6  
209 . 5  
253 . 5  
283 . 9  
402 . 5  
1 24 . 1  
-9 . 6  
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Tab le 3 .  P ig and Litter Dat a of the Farrowing Group 
Avg . no . of live pigs 
Birth 
7 days 
14 days 
2 1  days 
Avg . litter weigh t ,  lb . 
Birtha 
7 days 
1 4  days 
2 1  days 
Avg. pig weigh t ,  lb . 
Birth 
b 7 days 
b 1 4  days 
2 1  daysb 
a 
b 
Signi ficant difference (P< . 05 ) . 
S ignificant di fference (P< . 025) . 
Age of breeding 
6 months 8 months 
8 . 6  
6 . 8  
6 . 5  
6 . 0 
24 . 4  
34 . 0  
48 . 3  
6 2 . 3  
2 . 9  
4 . 4  
7 . 0  
9 . 6 
9 . 1 
7 . 5  
7 . 1 
7 . 0  
29 . 2  
39 . 6 
58 . 4  
77 . 9  
3 . 3 
5 . 3  
8 . 4  
1 1 . 3  
Tab le 4 .  Gilt  Data of the Slaughter Group 
Number of gilts 
Numb er of gilts serviced 
Number of gilts pregnant 
Avg . ini tial weigh t ,  lb . 
Avg .  age at breeding , daysa 
Avg . breeding weight , lb . a 
Avg . s laughter weight , lb . a 
Avg . number of corpora lutea 
Avg . number of embryos 
a 
Significant difference (P< .005 ) . 
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Age at breeding 
6 months 8 months 
15  
1 1  
7 
196 .o 
189 . 7 
2 15 . 0  
248 . 0  
1 1 .  7 
7 . 1 
15  
12  
9 
195 . 2  
256 . 3  
27 3 . 4  
309 . 9  
1 2 . 2  
9 . 4  
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The E ffect of Size and Type of Slat Upon the Performance 
of Growing-Finishing Pigs 
George W .  Libal ,  Richard C .  Wahlstrom and S teven L .  Robbins 
On approximately December 1 ,  1 9 7 3 , the firs t  group of pigs was put on tes t  
in the new confinement finishing barn a t  the SDSU swine research unit . The b arn 
consis ts of 24 pens with space fo r 8 pigs per pen or a total of  192  head of pigs . 
Three different s lat types and sizes are included in the building which allow 
a comparison of pig performance as related to floor type . Ten of the pens have 
concrete s lats 5 inches wide , 10 of the pens have concrete slats 8 inches wide 
and 4 of the pens have � inch aluminum s lats . The information included in this 
report is a summary of data and observat ions during the first year related to s lat 
types . 
Experimental Procedure 
Three trials that make va lid comparisons of pi g pe rformance on different 
types of s lats were conducted in the new total confinement finishing barn during 
the las t year . 
The firs t trial involved 144 pigs averaging 53  lb . whi ch we re allotted to 
pens which contained either 8-inch or 5-inch concrete s lats . Each s lat type was 
replicated nine times wi th 8 pigs per pen . 
Trial 2 involved 64 crossbred pigs in four replications of both 5 -inch and 
8-inch concrete s lats . Again, each pen contained 8 pigs averaging approximate ly 
60 lb . at the beginning of the experiment . 
In trial 3 ,  four replications of 5-inch concrete slats , 8-inch concrete slats 
and �-inch aluminum slats we re utilize d .  Each pen contained 8 pigs which made 
a total of 96 pigs wi th an average starting weight of 56 pounds . 
In each trial different nutritional studies we re superimposed across s lat 
types . However ,  the different dietary treatments were equalized across slat types 
and thus d id not aff ect performance values . All t rials were terminated at an 
average pen weight of between 200 and 2 10 pounds . 
Results and Dis cussion 
A summary of the pig product ion data from trial 1 is shown in tab le 1 .  During 
the initial period unti l  pigs weighed 120 lb . ,  pigs confined on 8-inch s lats grew 
signi ficantly fas ter than those on 5-inch s lats . However , feed consumpt ion and 
feed required per unit of gain we re statis tically the same . During the period from 
1 20 lb . to market weight and during the overall period , no significant differences 
existed . However ,  gain and feed/gain slightly favored pigs on 8-inch slats during 
both of these time periods . 
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Feet of all pigs were examined when they were taken off tes t . Inj uries and 
lesions to both inside and outside toes we re recorded .  Although many lesions such 
as cuts and bruises of both the heels and toes as we ll as sand cracks in the side 
of the toes were observed in a majority of  the pigs , there we re no apparent dif­
ferences due to type of s lat . 
A summary of the results of the second trial is shown in table 2 .  No statis­
tical analysis was conducted .  Gains for all periods s lightly favored the pigs 
on 8-inch s lats , whi le feed/gain slight ly favored the pigs on 5-inch s lats during 
the initial period and during the overall trial . 
In trial 3 pigs were confined on both 5-inch and 8-inch concrete s lats as 
well as �-inch aluminum slats . Average daily gain favored the pigs on the 5-inch 
s lats during the initial period to 1 20 lb . but favored the pigs on 8-inch concrete 
s lats and �-inch aluminum s lats during the finishing period , resulting in nearly 
equal gains for pigs on all slat types du ring the overall period . Uni t  of feed 
required per unit of gain was poorest for pigs on 5-inch slats during all periods . 
During the overall growing-finishing period feed/gain favored pigs on the 3�-inch 
aluminum s lats . 
Although some differences in daily gain and feed/gain were observed when pigs 
were placed on the three s lat sizes and types , it appears that pig performance 
was satisfactory using all types of slats . A general observation is that the aluminum 
s lats we re a little slicker and resulted in more s lipping . The pigs on 8-inch con­
crete slats appeared to be a litt le more at ease in walking on the larger s urface 
area . All pens stayed equally clean with no s craping . How clean a pen stays is 
probably more a function of how crowded the pigs are in the pen than size o f  slats . 
Swmnary 
Three trials were conducted during the pas t year that allowed for comparison 
of pig pe rformance on 5-inch concrete slats , 8-inch concrete slats and �-inch 
aluminum slats in a total confinement building . Although average daily gain and 
feed/gain varied among s lat types , pig performance was satis factory using all s lat 
types . No adverse e ff ects on foot damage or pen cleanliness we re observed . 
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Table 1 .  Pig Perfonnance for Trial 1 
Width of concrete slats 
5-inch 8-inch 
Number of pigs 72 72 
Number of pens 9 9 
Initial to 1 20 lb . 
Avg . daily gain , lb . 
a 
1 . 48 1 . 55 
Feed consumption , lb . 4 . 6 2  4 . 74 
Feed/ gain 3 . 12 3 . 06 
120 lb . to market 
Avg . daily gain , lb . 1 . 54 1 . 5 8 
Feed consumption , lb . 5 . 64 5 .  72 
Feed/gain 3 . 68 3 . 64 
Overall 
Avg . daily gain, lb . 1 . 50 1 . 57 
Feed consump tion , lb . 5 . 14 5 . 26 
Feed/gain 3 . 43 3 .  37 
a 
Significant difference (P< . 05 ) due to slat type . 
Table 2 .  Pig Performance for Trial 2 
Width of concrete s lats 
5-inch 8-inch 
Number of pigs 32 32 
Number of pens 4 4 
Initial to 120 lb . 
Avg . daily gain , lb . 1 . 6 1 1 . 62 
Feed consumption , lb . 4 . 40 4 . 58 
Feed/gain 2 . 73 2 . 82 
1 20 lb . to market 
Avg . daily gain , lb . 1 . 65 1 .  7 1  
Feed consump tion , lb . 5 . 5 7  5 .  77 
Feed/gain 3 .  37 3 . 36 
Overall 
Avg . daily gain, lb . 1 . 64 1 . 6 7 
Feed consump tion ,  lb . 5 .06 5 . 25 
Feed/gain 3 . 10 3 . 1 3  
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Table 3 .  Pig Performance for Trial 3 
Number of pigs 
Numbe r of pens 
Initial to 1 20 lb . 
Avg . daily gain , lb . 
Feed consumption , lb . 
Feed/gain 
120 lb . to market 
Avg . daily gain , lb . 
Feed consumption , lb . 
Feed/gain 
Overall 
Avg . daily gain , lb . 
Feed consumption , lb . 
Feed/gain 
39 
Width and type of s lats 
5-inch 8-inch �-inch 
concrete concrete aluminum 
32 32 32 
4 4 4 
1 . 49 1 . 42  1 . 44 
4 . 32 3 . 94 3 . 9 7  
2 . 92  2 . 76 2 . 76 
1 . 65 1 .  75 1 .  78 
6 . 0 3  6 . 12 5 . 82 
3 . 65 3 . 50 3 . 28 
1 .  5 7  1 . 60 1 .  62  
5 . 24 5 . 1 1 4 . 9 4  
3 . 34 3 . 19 3 . 05 
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Dried Brewers Grains as an Ingredient in Ges tation Diets for Swine 
Richard c .  Wahlstrom and George W .  Libal 
There are a number of cereal grain by-products that are used as feed ingre­
dients in lives tock diets . Dried Brewers Grains is a barley by-product that has 
not been used to any extent in swine diets because of its relatively high fibe r 
content and lack of palatabil ity . This product contains about 26% pro tein and , 
when other sources of protein increased in price , it was an economical source o f  
prot ein. The two experiments reported here were conducted to determine the value 
of dried brewers grains as an ingredient in diets for gestating swine . 
Experimental Procedure 
Forty-eight sows in three groups of 1 6  sows each in trial 1 and 42 sows in 
three groups of 14 each in trial 2 were al lotted on the basis of age , we ight and 
ancestry to three dietary treatments . Trial 1 was a winter trial and trial 2 a 
stmmler trial . Boars were rotated between groups to equalize the number of sows 
bred to each boar within each group . Seven days af ter breeding the sows we re placed 
on their respective dietary treatments containing O ,  20 or 40% dried brewers grains . 
Sows were fed once daily in individual feeding stalls at levels o f  4 . 0 ,  4 . 4  and 
4 . 9  pounds . These feed levels were calculated to supply an equal level of energy 
daily per sow .  
The composition of the diets is shown in table 1 .  The diets were formulated 
to contain equal levels of lysine and minerals and the same level of vitamin sup­
plement was added to each diet . Sows were kept  in dry lots having colony type 
houses with wooden floors which were bedded wi th straw during the winter trial 
and left bare for the summer trial . Approximately 4 days before a sow was due 
to farrow , she was brought into the farrowing house where she was washed , weighed 
and placed in a farrowing crate .  Pig birth weigh t ,  litter weight and litter size 
were recorded at birth and at 21  days . All groups received the same lactation 
die t  which is also shown in table 1 .  
Results 
Table 2 s ummarizes the data obtained on weight gain during gestation and 
sow production and pig performance to a weaning age of 3 weeks . Five of  the 4 8  
sows in trial 1 did not conceive . Three of these were in the control group and 
one in each of the groups fed 20 and 40% dried brewers grains . Four of  the 42 
sows in trial 2 did not conceive . Three were in the control group and one in 
the group fed 40% dried brewers grains . Feed was consumed readily in all treat­
ments . 
Gestation weigh t  gains diff ered significantly among treatments and were lowes t 
for sows fed the 40% dried brewers grains diet in trial 1 .  These sows gained 
34 lb . compared to 6 7  and 90 lb . gain for sows fed the 0 and 20% levels of dried 
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brewers grains , respectively . In trial 2 sows receiving the 20% level o f  dried 
brewers grains gained more than sows receiving the 0 or 20% levels . The number 
of live pigs farrowed was high in all groups , although some variation exis ted among 
treatments .  Average litter s izes for both trials were 1 1 . 1 , 1 1 . 9  and 1 1 . 3  pigs 
for sows fed O ,  20 and 40% dried brewers grains . Average number of pigs weaned 
at 3 weeks for both trials was 7 . 9 ,  8 . 4  and 8 . 2  for sows fed O ,  20 and 40% dried 
brewe rs grains . 
Average litter weights and average pig weights at birth were similar among 
treatments . When weaned at 2 1  days , litter and pig we ights were still similar 
indicating no adverse effects due to dietary treatment upon sow lactation per­
formance .  A significant difference in sow weight change during lactation was 
observed due to trial . In the winter trial the s ows receiving 20% dried brewers 
grains los t weight  at the same time that the other two treatment groups maintained 
their wei ght . In the summer trial the basal group of sows receiving no dried 
brewe rs grains gained cons iderably more weight during lactation than the two groups 
receiving dried brewers grains as part of their diet . 
Summary 
Feeding diets containing O ,  20 or 40% dried brewers grains to gestating sows 
resulted in satis factory (above average) pig production in all groups , although 
sows fed the highes t level of dried brewers grains gained less during gestation 
in the winter trial . I t  would appear that dried brewers grains can be used with 
success in swine gestation diets . 
Table 1 .  Composition of Diets (Percent) 
Gestat ion 
Ingredients A B c Lactation 
Ground yellow corn 87 . 2  7 1 . 8  57 . 0  68 . 5  
Soybean meala 9 . 5  5 . 0 18 . 0  
Dried brewers grains 20 . 0  40 . 0  
Dried bee t pulp 10 . 0  
Dicalcium phosphate 2 . 0  1 . 9 1 .  7 2 . 0  
Ground limes tone 0 . 8  0 . 8  0 . 8 0 . 8  
Trace mineral salt 0 . 5  0 . 5  0 . 5  0 . 5  
Vitamin premixb + + + + 
a 
Forty-four percent protein soybean meal in ges tation diets , 50% protein soybean 
b meal in lactat ion diet . Provided per lb . of diet : 
1 . 25 mg ; pantothenic acid , 
7 .  5 micrograms . 
vitamin A,  2000 IU ; vitamin D ,  200 IU ; riboflavin , 
5 mg; niacin , 10 mg ; choline , 50 mg and vitamin B 1 2
, 
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Table 2 .  Effect of Dried Brewers Grains on Reproductive Performance of Sows 
Level o f  dried brewers grains , % 
0 20 40 
No . of sows 
Trial 1 
Trial 2 
Total b d 
Avg . initial wt . ,  lb . ' 
Trial 1 
Trial 2 
Mean a , b , d  
Avg . ges tation wt . gain1 lb . 
Trial 1 
Trial 2 
Mean d 
Avg . no . live Eigs farrowed 
, g  
Trial 1 
Trial 2 
Mean 
Avg . no . stillborn Eigs 
Trial 1 
Trial 2 
Mean 
Avg . litter wt . farrowed 1  lb .
c , g  
Trial 1 
Trial 2 
Mean c 
Ayg . Eig birth weigh t 1  lb . 
Trial 1 
Trial 2 
Mean 
f h Avg . no . Eigs weaned1  21  dais ' 
Trial 1 
Trial 2 
Mean 
Avg . 2 1-daI litter wt . 1  lb . 
Trial 1 
Trial 2 
Mean 
Avg . 2 1 -da! Eig wt . 1  lb . 
Trial 1 
Trial 2 
*an b 
Avg . sow wt . change in lactation1 lb . 
Trial 1 
Trial 2 
Mean 
a 
b Significant treatment difference (P< . 005 ) . 
1 2  
1 1  
2 3  
432 
383 
408 
6 7  
106 
87 
1 2 . 9  
9 . 4 
1 1 . 1  
1 .  35 
0 . 42 
0 . 89 
35 . 0  
29 . 3  
32 . 1  
2 . 9  
3 . 0  
2 .9 
9 . 2  
6 . 6  
7 . 9 
103 . 6  
74 . 1  
88 . 9  
1 1 . 1 
1 1 . 1  
1 1 . 1  
0 . 5  
24 . 1  
+12 . 3  
S ignificant trial difference (P< . 005) . 
� Significant trial difference (P< . 05 ) . 
Significant replication difference (P< . 005) . e 
f Significant treatment x trial difference (P< .005 ) . 
Significant treatment x trial diff erence (P< .05 ) . 
: Significant rep lication x trial diff erence (P< .005) . 
S ignificant replication x trial difference (P < .05) . 
4 2  
15  1 5  
1 4  12  
29 2 7  
4 3 1  429 
365 344 
398 38 7 
90 34 
1 19 1 10 
105 72 
1 3 . 5  1 1 . 4  
1 0 . 3  1 1 . 1  
1 1 . 9  1 1 . 3  
0 . 95 0 . 95 
0 . 99  0 . 54 
0 . 9 7  0 . 74 
35 . 1  32 . 5  
29 . 9  3 1 . 0  
32 . 5  3 1 .  7 
2 . 9 2 . 8  
2 . 6 3 . 0 
2 . 7  2 . 9  
9 . 0 7 . 7  
8 . 0  8 . 8  
8 . 4  8 . 2  
94 . 1  89 . 0  
83 . 7  9 2 . 5  
88 . 9  90 . 8  
10 . 6  1 1 . 6  
1 0 . 5  1 0 . 6  
10 . 6  1 1 .  l 
- 1 3 . 8  0 . 8  
10 . 8  1 1 . 5 
- 1 . 5  +6 . 1  
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The Effects of Ges tation Metabolizab le Energy Levels 
on Sow Product ivity 
George W .  Libal and Richard C .  Wahlstrom 
Res tricting the amount of energy a pregnant sow consumes during ges tation 
has been accepted as a very desirable management practice . One benefit of limiting 
energy is increased  litter size at birth because of more fertilized eggs being 
implanted , less early embryonic death loss and less s tillbirths at parturition . 
Another benefit ,  particularly at a time of extremely high feed costs , is the eco­
nomic advantage of less feed consumed during gestation when energy is rest ricted . 
At the present time the National Research Council (NRC) recommends 6340 Kcal of  
metabolizable energy (ME) daily fo r the gestating sow .  The s tudy reported herein 
was conducted to evaluate sow reproduc tive performance when ME was reduced to an 
even lower level than recommended by the NRC . 
Materials and Methods 
Three trials we re conduc ted (trials 1 and 3 were summer trials , trial 2 was 
a winter trial) to evaluate ME levels of 4000 , 5000 , 6000 and 7000 Kcal per day 
for the ges tating sow .  The calculated composition of the experimental diets and 
the feeding levels of each gestation die t  are shown in tab le 1 .  The ges tation 
diet was based on corn , soybean meal and dehydrated alfal fa meal . A feeding level 
of 3 lb . of complete feed provided 4000 Kcal of ME pe r day . Each addi tional 
1 000 Kcal increment of ME was provided by 0 . 7  lb . of corn starch , resulting in 
daily dietary energy levels of 4000 , 5000 , 6000 and 7000 Kcal of ME .  Daily con­
sumption of pro tein ,  minerals and vitamins were kept cons tant and the only nutri­
tional variant was energy . In all three trials , feed was weighed for each individual 
sow and sows were fed in divided individual feeding stalls to insure accurate con­
sumption . During the summer trials the sows were housed in wooden frame houses 
wi th concrete floors and a connecting concrete outside pen on which the feeders 
and waterers were located . No bedding was used in these trials . During the winter 
trial the sows were in large , open dirt pens with portable buildings with wooden 
floors and s traw was provided for bedding . 
Sows were hand bred once when in full standing estrus and after we ighing 
were placed in the experimental pens where they remained until brought into the 
farrowing barn . On the l lOth day of gestation sows were brought into the farrowing 
barn , weighed, washed with soap , rinsed with disinfectant and placed either in 
farrowing crates or in farrowing pens with guard rails . Until they farrowed s ows 
were fed about 6 lb . of the lactation diet which contained 10% beet pulp ( tab le 1 ) . 
After farrowing the sows were allowed ad libitum consumption of the lactation 
feed . Sow weights were obtained before farrowing ,  after farrowing and after 2 1  
days o f  lactation . 
As the sows farrowed ,  the pigs we re removed and placed in a box under a heat 
lamp . After the entire litter was dry , they were we ighed and returned to the 
sow .  The number of live , s tillborn and mummified fetuses was recorded . General 
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management of the litter includ ing clipping needle teeth , placing tincture of  
iodine on the umbi lical cord and ear notching at birth . Iron dextran inj ections 
supplying 100 mg of elemental iron were given the third day after birth . Weaning 
weights were taken on the 2 1 st day of lactat ion . 
Results and Discussion 
The number of sows bred for each treatment group within each trial , the number 
that farrowed and the calculated percent of the sows bred that farrowed are shown 
in table 2 .  Although the data are not included , a limited number of gilts were 
fed the same ges tation diets and used as replacements in trials 2 and 3 .  Trial 1 
utilized second and third litter sows . All sows which success fully completed 
gestation on trial 1 were ut ilized in the second trial with the addition of second 
parity sows which had been carried on the same gestation treatment as gilts during 
the previous gestation . In the same manner trial 3 consisted of sows from the 
previous trial plus se cond parity sows which had received the same diets during 
their firs t ges tation . 
Sow weight changes prior to and at farrowing are shown in table 3 .  There 
were no significant differences in starting we ight be tween sows . Weight gain during 
gestation was pos itive for all treatments in all trials . Three of the sows receiving 
4000 Kcal of ME and one of the sows receiving 5000 Kcal of ME became emaciated and 
we re removed from the t est during the winter trial . Average sow weight after 1 10 
days of ges tation and gest ation we ight gain were significantly affected by gest ation 
treatment . The greatest gain occurred in the group of sows receiving 6000 Kcal 
of ME .  It would appear that 4000 Kcal of ME per day is marginal based on sow we ight 
gain during gestation . Since weight  gain was greatest for sows receiving 6000 Kcal 
of ME and gain was not excessive , it would appear that 6000 Kcal of ME would be 
close to optimum based on gain . No differences in farrowing weight loss we re observed . 
Farrowing performance of sows receiving the varying levels of energy is sum­
marized in table 4 .  Number of live pigs born was significantly affected by t reatment 
in a linear manner with decreasing number of pigs as gestation energy levels were 
increased . Number of pigs stillborn and number of mummified fetuses at birth were 
unaf fected by treatment . It was found that correlation between gestat ion weight 
gain and number of live pigs born was very small .  However , number of stillborn 
pigs was correlated with gestation we ight gain ( r  = 0 . 76) , indicating additional 
reproductive loss with higher rates of gain during gestation . 
Litter weight at birth was significantly affected by energy treatment with 
the lightes t litters occurring from sows receiving 7000 Kcal per day . This can be 
partially explained by the fact that the smallest litters were born to this group . 
Sows with the greatest gestation gain produced the heavies t  litters at birth . 
There was a significant t reatment effect for average pig birth weight with the 
heavies t average pig birth weights occurring with the higher energy diets which 
also produced the smallest litters . It  would appear that among the t reatments 
s tudied 6000 Kcal of ME was most adequate from the s tandpoint of total litter 
weight at birth and average pig weight  at birth . 
Sow and pig weaning perfo rmance is summarized in table 5 .  No s tatistical 
differences in number of pigs weaned were observed due to treatment . However,  
the winter trial showe d comparatively better results for the 7000 Kcal group than 
4 4  
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the summer trials , indicating the pos sibility of a higher energy requirement during 
the winter than the sunnner.  
Litter weight and average pig weights at weaning were highes t for the 6000 Kcal 
group of sows and followe d  a significant quadratic pattern , increasing from the 
4000 Kcal treatment group to the 6000 Kcal treatment group and decreas ing again 
for the 7000 Kcal treatment group . These results indicate that among the levels 
of energy s tudied 6000 Kcal appears to be mos t  opt imum . 
A consistent negative relationship between gestation weight  gain and lactation 
weight gain was observed . The lowes t  sow lactation gain after 2 1  days of lactation 
was found in the 6000 Kcal group in all trials . 
Sunnnary 
A total of 124 sows was utilized in three trials ( two summer and one winter) 
to evaluate metabolizable energy levels of 4000 , 5000 , 6000 and 7000 Kcal for sows 
during gestation . Within the levels s tud ied metabolizab le energy at the 4000 Kcal 
level appears to be too low for gestating sows during the winter but is nearly 
adequate during the sunune r .  The metabolizable energy level of 6000 Kcal appears 
to be nearly optimum for gestation weight gain , litter and average pig birth weight 
and litte r  and average pig weaning weight . Sow weight change during lactation 
is directly related to sow weight gain during gest ation . Sows gaining the mos t  
during ges tation gained less o r  los t weight during lactation . The energy level 
fed had an e ffect on number of live pigs born . Larger lit ters were obtained with 
the lower energy levels . 
Table 1 .  Composi tion of Experimental Diets (Percent) 
and Feeding Levels 
Ingredient Gestation diet Lactation diet 
Ground yellow corn 54 . 5  6 8 . 5  
Soybean meal (44%) 3 1 . 0  
Soybean meal (48 . 5%) 18 . 5  
Dehydrated alfalfa meal ( 17%) 10 . 0  
Ground beet pulp 10 . 0  
Dicalcium phosphate 1 . 8 2 .0 
Ground limes tone 1 . 2  0 . 8  
Trace mineralized salt 0 . 5 0 . 5  
Vitamin premix 1 . 0 0 . 2 
100 . 0  100 . 0  
Gestation Feeding Levels 
a 
Gestation diet , lb . 3 . 0  3 . 0 3 . 0  3 . 0 
Corn starch , lb . 0 . 7  1 . 4  2 . 1  
Total feed/day , lb . 3 . 0  3 . 7  4 . 4  5 . 1  
ME ,  Kcal/ day 4000 5000 6000 7000 
a 
Provided 280 g protein , 1 5  g calcium ,  10  g phosphorus , 8200 IU vitamin A ,  
550 IU vitamin D ,  3 IU vitamin E ,  4 4  mg niacin , 33 mg calcium pantothenate, 
8 mg riboflavin and 28 mcg vitamin B1 2  
daily . 
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Table 2 .  NlUllber of  Experimental Observations 
Treatments 
Kcal of ME Total 
4000 5000 6000 7000 Trial Overall 
Number of Sows Bred 
Trial 1 8 8 8 9 33 
2 1 1  1 1  1 1  1 3  46 
3 9 1 3  10 1 3  45 
Total 28 32 29 35 124 
Numbe r of Sows Farrowing 
Trial 1 6 6 5 7 24  
2 6 9 7 12  34 
3 8 12 10 13 43 
Total 20 TI 22  32 10 1 
Percent Sows Bred That Farrowed 
Trial 1 75 75 63 78 73  
2 55 82 64 92 73 
3 89 9 2  100 100 9 5  
Average 7 3  8 3  76 90 80 
46 
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Table 3 .  S ow  Weight Changes Prior to and at Farrowing 
Treatments 
Kcal of ?-1E Mean 
4000 5000 6000 7000 Trial Overall 
Trial 1 
2 
3 
Average 
4 1 2 . 8  
39 3 .  7 
37 1 . 9  
39 3 . 8  
Avg . Initial Weight , Lb . 
39 7 . 3  378 . 6  39 3 . 4  
405 . 6  4 1 2 . 7  433 . 5  
39 2 . 0  36 3 . �  406 . 5  
398 . 3  384 . 9  4 1 1 . 2 
395 . 5  
4 1 1 . 4  
383 . 4  
Avg . Weigh t 2  1 10 Da;y:s Gestation2 Lb .
a ,b 
Trial 1 
2 
3 
Average 
Trial 1 
2 
3 
Average 
Trial 1 
2 
3 
Average 
44 3 . 0  446 . 8  
405 . 2  449 . 7  
434 . 8  475 . 8  
427 . 6  457 . 4  
Avg . Weight Gain2 
30 . 2  50 . 8  
1 1 . 5 44 . 1  
56 . 6  82 . 2  
32 . 8  59 . 0  
Avg . Dail;y: Gain 
0 . 26 0 . 10 
0 . 1 1  0 . 40 
0 . 5 1  0 . 75 
0 . 31 0 . 5 3  
487 . 0  502 . 2  
477 . 6  46 1 . 8  
466 . 9  509 . 0  
477 . 2  49 1 . 0 
1 10 Da;y:s Ges tation2 
1 38 . 4  108 . 7  
50 . 6  35 . 5  
103 . 5 96 . 3  
87 . 5  80 . 2  
During Ges tation2 
1 . 25 0 . 99 
0 . 46 0 . 33 
0 . 95 0 . 88 
0 . 79 o. 73 
Avg . 
43 . 3  
3 1 . 2  
4 1 . 6  
38 . 7  
Farrowing Weight Loss , Lb . 
46 . 5  
38 . 0  
42 . 7  
42 . 4  
Trial 1 
2 
3 
Average 
39 . 2  52 . 2  
39 . 5  46 . 5  
48 . 9  47 . 5  
-- --
42 . 5  48 . 7  
a 
b Significant treatment effect (P< .005) . 
Signi ficant trial eff ect (P< . 005) . 
47 
469 . 7  
448 . 6  
47 1 . 6  
Lb .
a 
Lb . 
74 . 5  
35 . 4  
84 . 6  
0 . 68 
0 . 33 
o. 77 
45 . 3  
38 . 8  
45 . 2  
396 . 8  
46 3 .  3 
64 . 9  
0 . 59 
43 . 1  
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Table 4 .  Farrowing Performance 
Treatments 
Kcal of ME Mean 
4000 5000 6000 7000 Trial Overall 
Avg . No . of Pigs Born Alive 
a 
Trial 1 1 2 . 8  10 . 3  1 1 . 6  9 . 4 1 1 . 0 
2 1 2 . 6  1 2 . 3  1 1 .  3 10 . 9  1 1 . 8  
3 10 . 8  12 . 8  1 2 . 3  9 . 0 1 1 . 2  
Average 1 2 . 1 1 1 . 8 1 1 .  7 9 . 8  1 1 . 4  
Avg . No . of Pigs Stillborn 
Trial 1 1 . 00 0 . 50 1 . 20 0 . 86 0 . 89 
2 0 . 17 0 . 44 0 . 00 0 . 25 0 . 2 2 
3 0 . 1 3 0 . 9 2  0 . 30 0 . 85 0 . 55 
Average 0 . 43 0 . 62 0 . 50 0 . 65 0 . 55 
Avg . No . of Mummi fied Fetuses 
Trial 1 0 . 00 0 . 17 0 . 20 0 . 57 0 . 2 3 
2 o . oo 0 . 00 0 .00 0 . 08  0 . 02  
3 0 . 1 3  0 . 17 o. oo o. oo 0 . 07  
Average 0 . 04 0 . 1 1 0 . 06 0 . 22 0 . 1 1 
Avg . Litter Weight at Birth 1 Lb . 
b 
Trial 1 30 . 4  25 . 6  28 . 4  26 . 0  27 . 5  
2 29 . 7 3 1 . 5  35 . 2  30 . 2  3 1 . 7 
3 26 . 4  30 . 4  34 . 6  25 . 1  29 . 1  
Average 28 . 8  29 . 0  32 .6  27 . l  2 9 . 5  
Avg . Pig Birth Weight 2 Lb . 
a 
Trial 1 2 . 40 2 . 53  2 . 5 1  2 . 78 2 . 56 
2 2 . 40 2 . 56 3 . 13 2 . 90 2 . 73 
3 2 . 58 2 . 40 2 . 84 2 . 82 2 . 6 7  
Average 2 . 44 2 . 49 2 . 82  2 . 82 2 . 64 
a 
b Significant treatment effect {P< . 005) . 
Significant treatment effect (P< .05 ) . 
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Table 5 .  Weaning Performance 
Treatments 
Kcal of ME Mean 
4000 5000 6000 7000 Trial Overall 
Avg. No . of Pigs Weaned 1  2 1  Da!s 
a 
Trial 1 8 . 2  8 . 6  8 . 3  5 . 6  7 . 7  
2 8 . 7 9 . 1 9 . 1 9 . 0 9 . 0  
3 7 . 6  7 . 6  9 . 4 6 . 5  7 . 8  
Average 8 . 1 8 . 4  8 . 9  7 . 1  8 . 1 
Avg . Percent Survival 1 2 1  Da!s 
Trial 1 65 . 0  75 . 0  69 . 8  57 . 5  66 . 8  
2 69 . 3  73 . 9  80 . 9  85 . 0  7 7  . 3  
3 68 . 4 59 . 2  78 . 3  7 1 . 0  69 . 2  
Average 6 7 . 6 69 . 4  76 . 3 7 1 . 2  7 1 . 1  
Avg. Litter Weight at Weaning1 Lb .
a 
Trial 1 74 . 4  90 . 5  10 7 . 7 57 . 9  80 . 4  
2 95 . 6  109 . 7 126 . 4  1 1 1 . 8 1 10 . 8  
3 8 1 . 3 80 . 6  10 7 . 5  76 . 4  86 . 6  
Average 8 3 . 9  9 3 . 6  1 1 1 . 0  82 . 2  9 2 . 5  
Avg . Pig Weight at Weaning1 Lb . 
b 
Trial 1 8 . 94 10 . 44 1 2 . 1 1 10 . 44 10 . 48 
2 10 . 88 1 1 . 9 4  14  . 16 10 . 4 2  1 1 . 85 
3 1 0 . 81 10 . 64 1 1 . 5 2 12 . 20 1 1 . 30 
Average 10 . 22 1 1 . 0 1  12 . 60 1 1 . 0 1  1 1 . 2 1  
Avg . Sow Gain 1 2 1  Da.}':S 2 Lb . 
b 
Trial 1 3 3 . 7  2 8 . 2  - 12 . 1  1 1 . 5  15 . 4  
2 37 . 7  2 7 . 1 9 . 7  25 . 6  24 . 9  
3 28 . 9  30 . 6  22 . 5  37 . 7  29 . 7  
Average 33 . 5  2 8 . 6 6.6 24 . 9  2 3 . 3  
a 
b Signi ficant treatment effect (P< .005) . 
Significant treatment e ffect (P< .05 ) . 
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U . S . D .A.  Grade s for Pork Carcasse s 
Int roduction 
A. S .  Serie s 74-36 
There are substantial value differences between pork carcasses .  The U . S . D . A .  
official grade standards fo r pork carcasse s ,  revised in 196 8 ,  are an excellent 
means of identifying these value differences . 
S tandards for grades of pork carcasse s ,  like those of other farm products,  
are base d  on the attribute s of  the product that determine its value . For pork , 
that means the quality of the lean meat and the yield of the four lean cut s (ham, 
loin , pi cnic and boston butt) . 
The U . S .D .A.  grades can benefit all segment s  of the industry . For the producer , 
they p rovide a market identi fication through which producers can be rewarded , in 
dollar s ,  for marketing leaner ,  meatie r swine .  Also , they are a valuab le tool 
in selecting breeding stock.  
For the packe r ,  they are a tool whi ch will permit him to more precisely deter­
mine value differences in the market hogs he buys and the pork he se lls.  
For the retailer and consumer ,  it  will provide ret ailers a more consi stent 
supply of the kind of pork most preferred by constuners--tende r ,  j uicy , and flavorful 
and wi th high ratio of lean to fat. 
Table 1 is a recent e stimate of the U . S . D . A .  grade distribution of barrows 
and gilts slaught ered in the United S tates.  
Table 1 .  Estimate of U. S . D .A.  
Grade Distribution of Barrows 
and Gil t s  
Grade Percent 
U . S .  No . 1 8 
u. s. No . 2 42 
U . S . No . 3 36 
U . S . No . 4 12  
u .s. Utility 2 
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Applications of Standards 
Grades for barrow and gilt c arcasses are b ased on two general considerations : 
( 1 ) quality-indic ating characteris tics of the lean and (2)  expected combined yields 
of the four lean cuts . 
Qualit y 
There are two general levels of quality considered: accept able and unacceptab le .  
The quali ty of the lean is bes t  evaluated by a direct observation of its character­
is tics in a cut surface . When a maj or mus cle cut surface is not avail ab le ,  the 
quality of the lean is evaluated indirectly based on quality-indicating ch aracter­
is tics that are evident in the carc asses . Carcasses which have charact eris tics 
indicating that the lean in the four lean cuts wi ll not have an acceptab le quality 
or b ellies too thin to be suit able for bacon production are gr aded U . S .  Utility . 
C arcasses which are soft and oily are also  graded U . S . Utility . 
Yield 
Four U . S .D .A .  grades , 1 ,  2 ,  3 and 4 ,  are provided for carcasses which have 
indications of an acceptab le lean quality and ac cep tab le belly thickness . These 
grades are based entirely on the expected c arcass yie lds of the four lean cuts 
and no cons ideration is given to development of quality superior to th at described 
as minimum for these gr ades . The expe cted yie lds of the four lean cuts are shown 
in Table 2.  
Tab le 2 .  Expected Yields of the Four 
Le an Cuts Based on Chilled Carcass 
Weight ,  by Grade 
Grade Yield 
u. s. No . 1 53  percent and over 
U . S .  No . 2 5 0  to 5 2 . 9  percent 
U . S . No . 3 47  to 49 . 9  pe rcent 
U . S .  No . 4 Less th an 47 pe rcent 
Carcasses vary in their yields of the four lean cuts because of variations 
in their degree of fatness and in their degree of muscling (thickness of muscling 
in relation to skeletal size) . The fat thickness value is an average of three 
measurements made opp osite the first rib , the last rib and the l as t  lumb ar ve.rteb ra. 
The degree of mus cling spe cified for each of the four gr ades decreases progressively 
from the U . S . No . 1 grade through the U . S .  No . 4 gr ade . There are six degrees of  
muscling, very thick , thick , moderately thick , s lightly thin , thin and very thin . 
These are intended to cover the entire range of muscling present among pork carcasses 
currently being produced. In e ach gr ade , a supe rior development of muscling is 
permitted to compens ate for a greater average b ackfat thickness at the rate  o f  
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one-t enth inch greater backfat thickness for a ful l  degree of superior muscling . 
Carcass length is measured from the anterior edge of the first rib to the aitch 
bone and is used  wi th backfat thickness and degree of muscling to determine the 
U . S . D . A .  gr ade . 
Figure 1 illus trates the rel ationship between average thickness of b ackfat , 
carcass length and grade for c arcasses with muscling typical of their degree of  
fatnes s . 
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Figure 1 .  Rel at ionship Between Average Thickness of Backfat, 
C arcas s  Length , Typical Muscling and Grade for Carcas ses 
With Muscling Typical of Their Degree of Fatness . 
52 
Degree of 
Muscling 
Moderately 
Thick 
Thick 
Very 
Thick 
- 4 -
To assure that the U . S . gr ades for swine and pork carcasses are of  maximum 
benefit to the industry , the gr ades for live slaughter b arrows and gilts are 
correlated directly wi th the grades for pork c arcasses. Thus , figure 1 c an be 
used to determine the gr ade of a live b arrow or gilt after est imating b ackfat , 
length and degree of mus cling . 
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